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NEW AMERICAN PALEOZOIC OSTRACODA. 

PRELIMINARY REVISION OF THE BEYRICHIID.E, WITH 
DESCRIPTIONS OF NEW GENERA.- 



By Edward O. Ulrich, 

Geologist, U, S» Geological Hurrey, 

AND 

Ray S. Bassler, 
Curator, Division of Invertebrate Paleontology. 



INTRODUCTION. 



As defined in modern text-books, the Paleozoic family of Ostra- 
coda, Beyrichiidse, embraces a large and constantly growing assem- 
blage of genera and species. The unwieldiness of the typical genus 
Beynchia became apparent some forty years ago, when T. Rupert 
Jones, the well-known and highly conservative English authority, 
and H. B. HoU first suggested the separation of the " simplices " as a 
distinct generic group under the name Pnmitia.^ At a later date 
these authors proposed the separation of the less sharply defined 
" Corrugatae " group, typified by Beyinchia wilckensiana^ under the 
name Klcedenia.^ In the same paper they propose the genus 
Bollia^^ and in the next succeeding number of that periodical two 
other generic groups are distinguished as Strepula * and PlacentulaJ 

Working independently, Jones had also instituted the genus Kirk- 
hya^ for a Permian species thought to have relations to the Bey- 

« For previous articles of tliis series see Jour. Cincinnati Soc. Nat. Hist., XIX, 
1900, pp. 179-185, and Proc. U. S. Nat. Mus., XXX, No. 1446, 1906, pp. 149-164, 
pi. XL 

»Ann. and Mag. Nat. Hist. (3), XVI, 1865, p. 415. 

In 1855 (Ann. and Mag. Nat. Hist. (2>, XVI, p. 85), Jones divided Bey- 
richia, as then defined by him, into three groups, (1) " simplices," including the 
forms subsequently referred to Primitia and allied genera; (2) *' Corrugatte." 
with B, wilckensiana as the type of the group, and (3) " Jugosse," including, 
besides B. klaedeni, the type of the genus, also certain Ordovlcian si)ecle8 subse- 
quently referred to Tetradella and Gtenobolbina by Ulrich. 

'^Ann. and Mag. Nat. Hist. (5), XVII, pp. 347, 362. 

<»Idem, p. 360. 

<^Idem, p. 403. 

/ Idem, p. 407. 

ff Trans. Tyneside Nat. Field Club, IV, 1859, pp. 129, 134, 136. 

Proceedings U. S. National Museum, Vol. XXXV— No. 1646. 
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richiidse. Later, in their papers on Carboniferous and Permian Ostra- 
coda, Jones and Kirkby, while maintaining that Beyrichia is the 
genus under which the majority of the late Paleozoic species with 
grooved or sulcate valves should be placed, yet thought it necessary 
to distinguish, first the two groups Beyrichiella and Beyrichiopsis^* 
and a few years later SynapheJ' Finally, Jones separated the bino- 
dose Primitive from the more simple types, as Ulrichia^^ and the most 
simple, nonsulcate types, as Ajyarrhiten^ 

In 1890 the senior author of the present paper published the first 
results of investigations begun in the hope that they might end in a 
complete revision of the American Paleozoic Ostracoda. For vari- 
ous rea.sons the realization of this hope has been greatly delayed, and 
seems yet far in the future. In the first place the effort to procure 
material for study proved so overwhelmingly successful that the task 
assumed proportions quite beyond expectations. The unusual diffi- 
culty of the subject was recognized in the beginning, but with this 
unsuspected expansion of the material its difficulties seemed to grow 
greater and greater, while the mere description of the new and the 
revision of the old species has itself become a formidable piece of 
work. Another distressing obstacle was the necessity of finding some 
more accurate and satisfactory yet cheap method of illustration than 
had been employed hitherto. After long experimentation the writers 
believe they have finally solved the problem to the extent of offering 
at least serviceable if not uniformly artistic representations of the 
objects. However, these difficulties might all have been overcome long 
before this had not other more imperative duties consumed by far 
the greater part of the time that has elapsed since 1890. With this 
unavoidable drawback even future progress on the monographical 
treatment of the Paleozoic Ostracoda must necessarily continue to 
be somewhat sporadic. 

In the first of Ulrich's papers on Ostracoda*' six new genera of 
Beyrichiidae were proposed. All of these, except Jonesella^ were 
based on or include species previously referred to either Bey7'u:hia or 
Primitia. Thus TetradeUa was proposed for the B, complicata 
group, CeratopniH for the horned but otherv/ise similar group typified 
by B. chaitihers^i^ CUnoholh'nia for the B. ciliata group, Drepanella for 
a mostly imdescribed section, but including //. rirhardsoni, and Eunj- 
chilina likewise for a largely undescribed gi-oup that was thought to 

«Geol. Mag., 3d Dec., Ill, 1886, pp. 484, 438. 

^Carboniferous Ostracoda from Ireland, Scl. Trans. Uoy. l>nblln Soo. (2), 
VI, 1890, p. IIK). 

''Quart. .Toum. Geol. Soc. IX)ndon, XLVI, 1800, p. 543. 

<^Ann. and Mag. Nat. Hist. (6), III, 1889, p. 3S4 

''New and Little Known American Paleozoic Ostracoda, .lourn. (Mncinnati Soc. 
Nat Hist, XIX, 181K)-01, pl). 104-137, 173-211. 
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indude at least one or two of the broadly margined Primitiee. In a 
later publication <* two other simple Beyrichian genera were intro- 
duced, namely, Primitiella and IlalHella^ both founded on groups of 
species previously referred to Primitia. In the same work two some- 
what aberrant Primitian genera, DUobella and Dicranella^ were also 
described. 

Except Synaphe^ all of these twenty-one genera have turned out 
to be reasonably natural generic groupings of the species previously, 
and in most part since, referred to the Beyrichiida*. With the recent 
multiplication of species through the discovery of new forms, it 
happens, as might be expected, that many of the species referred to 
the new genera, in the perhaps pardonable wish to emphasize the im- 
portance of the latter, now appear to belong to other not less well 
defmed groups whose discrimination seems ecjually essential in an 
adequate classification of the wealth of specific forms now known. 
Because of the small range of diagnostic characters furnished by the 
shells, and more the inconstancy of these characters when a great 
group like Jones's Beyrichiida* is considered, it is impossible to formu- 
late a broad family definition without going into undesirable detail. 
In the classification of living Ostracoda the family groups are based 
on anatomical modifications, the shells being scarcely considered. In 
fossil forms, obviously, the systematist is limited to modifications of 
the carapace. While the paleontologist's classification is, therefore, 
liable to grave misassociations, it should be remembered that the 
results of his efforts may be the best obtainable with the criteria 
available to him. 

After a considerable study of living Ostracoda, the writers have 
been forced to the conviction that students of fossil species, especially 
those found in Paleozoic rocks, can not expect much help in their 
labors from even an extensive knowledge of living forms. The 
Cypridae, even, which family, perhaps on account of lack of diag- 
nostic characters, is at present thought to range back in time to early 
Ordovician, may yet be shown to be distinguishable from their pre- 
sumed Paleozoic representatives. The Leperditiidae and Beyrich- 
iidae, however, stand alone with no recognized close affinities to post- 
Paleozoic Ostracoda. These fossils, therefore, the paleontologist 
must work out for himself and do the best he can wnth the material 
at his command. 

After the foregoing introductory remarks, some attempt to re- 
define the existing classification of Paleozoic Ostracoda is necessary. 
As the investigations are far from complete, the attempt must, to a 
considerable extent, be preliminary to the final effort to be made in 

«Cleol. jiiul Nat. Hist. Surv. Minnesota, Final Kept., Ill, Pt. 2, ISJM, pp. 
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the proposed monograph. While confessing its preliminary nature, 
it should not be supposed that the results here presented are founded 
on studies of only a part of the species immediately concerned. On 
the contrary, the authors have taken into account not only every rec- 
ognizably described or figured Beyrichian, but also a host of unpub- 
lished species. If a classification of any family or subfamily could 
be made final without first, or at the same time, subjecting all related 
families to a similar close investigation, the following might lay 
claim to being so. But as it is manifestly impossible to do this with- 
out extending the field of study beyond the point attained, the present 
contribution pretends to nothing better than a report of progress. 

ORIENTATION OF THE VALVES. 

The feature of the study of Paleozoic Ostracoda, about which the 
literature of the subject seems to show greatest variability and un- 
certainty among authors, is the determination of which of the two 
ends of the carapace and valves is the anterior. The rule most gen- 
erally applied is to call the thicker end posterior. The present 
writers are agreed with this as a general principle or rule, but not 
as a law. Close comparisons, and especially exact analyses of the 
lobes of Beyrichian forms, showed so many exceptions to the rule 
that it seemed necessary to seek other and if possible more reliable 
criteria. The position and trend of the median furrow was the first 
feature to be investigated. Next the lobes were compared, and 
finally the outline of the valves. It was found that all three of 
these features afford more reliable evidence than does the relative 
thickness of the ends. With the application of these several criteria 
certainty and uniformity in orientation is attained, which, for pur- 
poses of description and comparison, is, after all, the chief essential ; 
but there are no positive means, and perhaps never will be, of deter- 
mining that the end of the fossil shell here called posterior did not 
really lodge the cephalic organs of the living animal. Still the pro- 
priety of the orientation adopted is supported by plausibility based 
on facts, the bearing of which seems incontrovertible if not wholly 
decisive. 

The principal line of evidence on which the orientation of the 
valves of Beyrickia and allied ostracods is based is derived from the 
position of the eye tubercle and the outline of the valves of 
Leperditiidse. That the small tubercle referred to was really con- 
nected with the visual organs of the animal of Leperditia is univer- 
sally accepted by paleontologists. Hence we are justified in assum- 
ing that its location marks the anterior end of the carapace. Start- 
ing with this accepted fact, we note (1) that the eye-bearing end of 
the valve is almost always narrower than is the other end; (2) that 
the outline of the valves exhibits a backward swing so that a rec- 
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tangular line drawn from the middle of the straight cardinal edge 
divides the area of the valve into two more or less unequal parts of 
which the posterior is the longer and usually the greater. In other 
words, the valve is more or less oblique and its outline suggests a 
parallelogram rather than an oblong. Now, in by far the majority 
of Primitiidae and Beyrichiidse, the narrower and, rather less gen- 
erally, the thinner half of the carapace is determined to be anterior 
also by the retral swing of the outline and the comparative analysis 
of the nodes, lobes, and furrows. 

The retral (parallelogram) swing of the outline is perhaps the 
most persistent of the criteria, being applicable in even those cases 
(certain Leperditellidee) in which the valves are without nodes, their 
surface uniformly convex, and the ends nearl}^ or quite equal in height. 
In many of the true Beyrichiae the resulting obliquity of outline and 
inequality of the ends are both very inconspicuous (as, for instance, 
B. kochii^ B. maccoyiana^ B. salteriana) , and in this genus it is often 
necessary in deciding which is the right and which the left valve to 
rely almost entirely on the correlation of the lobes. The data for 
this correlation are furnished by species like Beyrichia clavata^ in 
which the " swing " and the difference in height of the two ends is 
sufficient to leave no doubt as to which is the anterior. A study of 
such a species shows that the median lobe is united below with the 
larger anterior lobe by means of a low and thin isthmus, and that the 
posterior lobe, if its ventral extremity extends forward at all, passes 
beneath this isthmus. It is observed further that the median lobe is 
located nearer the posterior than the anterior lobe; in other words, 
that the anterior furrow is almost without exception the wider of the 
two. Now, bearing these facts in mind, the anterior lobe is recog- 
nized at once as the one that is connected below with the median 
lobe. When this ventral union of the anterior and median lobes is 
obsolete, as in B. tuberculata and its immediate allies, the posterior 
lobe is usually recognized by the location of the median lobe which, 
as said, is commonly placed more or less distinctly behind the center 
of the valve. When this and all other tests seem indecisive, as they 
may rarely be in a species like B. hronnl Beuter, then it is still pos- 
sible to orient the valves by comparing minor nodes and furrows on 
the lobes with similar markings on less difficult species. 

Additional evidence tending to show that the criteria relied on by* 
the writers in orienting the valves of Beyrichiidro is furnished by the 
Chazy ostracod erroneously referred to Beyrichia by Jones under the 
name B. clavigera. This species, though strikingly like a Beymchia 
in having a median node within the bend of a strongly curved, low 
ridge, seems yet to belong to the Leperditiidae. It has an eye tubercle 
and agrees in all other respects, save the curved ridge, with species of 



Digitized 



by Google 



282 



PROCEEDINGS OF THE XATIONAL MUSEUM. 



VOL. XX XT. 



Isochilina^ and the ridge even is represented in subdued form in Lsuh- 
nodom. The significant fact in this connection is that in this, we 
might almost say prophetic species, the above discussed criteria by 
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Fios. 1-10. — 1. Left side of entiue specimen X 2 of Leperditia fabulites (Conrad). 

ANTEUIOR end indicated by the small '• ocular " TUBERCLE, ITS LESSER HEIGHT, 
AND BACKWARD SWIMJ OF VALVE. 2. LkPI' VALVE OK IsOCHILIXA ? SUBXODO.SA ULUICH, 
X y, a nearly equal FORM. ANTERIOR SIDE INDICATED BY OCULAR AND OTHER TUBER- 
CLES. THAT WHEN PRESENT ARE ALWAYS IN FRONT HALF OF VALVES. 3. RIGHT VALVE 
OF ISOCHILINA? CLAVIGERA (BEYRK'HIA CLAVIGERA JoNES) X 10. SHOWING THE OCU- 
LAR TUBERCLE AND MUSCLE SPOT OF LEPEKDITI ID^., THUS DETERMINING WHICH IS THE 
ANTERIOR SIDE AND INCIDENTALLY AFFORDINC; A GOOD EXAMPLE OF RETRAL SWING. OB- 
DOVICIAN (ClIAZY SlIALU), NEAR OTTAWA, CANADA. 4. LEFT VALVE OF BEYRICHIA TU- 
BERCULATA (KLCEDEN) X 5 (AITER ReITER). ANTERIOR SIDE RECOGNIZED BY ITS INFE- 
RIOR HEIGHT, SLIGHT RETRAL SWING, AND BY CORRELATION OF NODES OF VALVE. 5. RlGHT 

VALVE OF Beyrichia clavata Kolmodiv (after Kiesow). Orientation determined 

BY SAME CRITERIA AS IN FIGURE 4. 6. LEFT VALVE OF CtENOBOLBINA ALATA ULRICH, 
X 18 (AFTER ULRICin. ANTERIOR END RECOGNIZED BY ITS TAPER AND BY THE BETKAL 
SWING (»F THE OUTLINE. 7. LEFT VALVE OF CTENOBOLBINA CILIATA (EMMONS), X \>^ 
(AFTER I'LRICH). ORIENTATION PEIER MINED BY COMPARISON OF LOBES WITH THOSE OF 
C. ALATA, IN WHICH THE ANTERIOR END IS NARROWER AND THE RETRAL SWING MOUE PR<V 

NOUNCED. 8. Beyrichia (Steusloffia) linnarssoni (Krause). Right valve, X lo 
(APi'ER Reuteh). Oriented by comparison of lobes with those of Beyrichia <'la- 

VATA and B. TUBERCULATA. I). BEYRICHIA SALTERIANA JONES, X 10 (AFFER REUTEBK 
The ends being almost exactly equal in this species the orientation OF ITS 
VALVES IS pnSSlBLE ONLY BY COMPARISON OF ITS LOBES WITH THOSE OF OTHER BET- 
RlCIII.e, LIKE B. CLAVATA. L\ THESE, OTHER CORROBORATIVE CRITERIA ARE AVAILABLK. 
SUCH AS THE TAPER OF THE VALVES ANTERIORLY AND THE RETRAL SWING OF THE OUT- 
LINE. Ac('ordin(;ly the fkmre represents a right valve. 10. Different views ok 

A LEFT VALVE OF BEYRICHIA TUBERCUL.\TA-BUCHIANA REUTER, X 6 (AFTER REUTKRK 

The example figured possesses the ventral pouch, which feature Reuter and 
other writers regard as distingi ishing the female in beyrichia and allied 

GENERA. The POI CH is L()CATKI> INVARIABLY ON THE LOWER PART OF THE POSTEHIOK 
LOBE. 

which the right ^'ilve is distinguished from the left is supported by 
the evidence of the eve-tubercle. 
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Finally, the posterior location of the peculiar ventral pouch that 
Reuter and others have interpreted, we believe correctly, as ovarian 
inflations, is wholly in accord with the other criteria. 

BEYRICHIA OF AUTHORS. 

The genus Beyrichia was founded by McCoy in 1846.« His " rough 
sketch " of the valves of the Irish species that first convinced McCoy 
that these fossils were bivalved Crustacea and not trilobites gives a 
crude idea of the common Silurian form subsequently identified by 
Jones and others with B, klwdeni McCoy. As McCoy ranks '^Battus 
tuhercalatuH " of Kloedt^n as a synonym of his Beyrichia kloedeni, and 
as the two forms are distinguishable species, it is difficult to decide 
which of the two should rank as the genotype. However, as they are 
unquestionably congeneric, the point is of little consequence. 

Subsequent authors have referred a considerable variety of Ostra- 
coda to the genus. In fact, for many years it served as the temporary 
lodging place for nearly all of the Paleozoic species with furrowed or 
ridged valves. As noted above, a 
large part of these has been re- 
moved and distributed among other 
genera, but at the present writing no 
less than 150 species and varieties 
are still credited to Beyrichia, 
Many of these remaining species are 
not strictlv congeneric with the type ^ .. ^ *r ^ , 

* . ^ /* Fig. 11. — Copy of MrCov^s original 

and hence will be removed, chiefly sketcheh ok bevkichia klcedeni. 
to new genera and to the long mis- 
understood Kloedenia^ the other more obvious departures from the 
generic type having been already mostly weeded out through the 
efforts of Jones, Holl, Kirkby, Krause, and Ulrich. 

The genus Klfvdenia constitutes a close ally of the typical Bey- 
richisp. The practical discrimination of the two groups, in certain 
cases at least, suggests that the boundary is artificial and probably 
results in occasional unnatural associations. But it is impossible to 
wholly escape this condition in any classification that is not too in- 
volved to be practical. Therefore, since the distinctive characters 
relied on in separating the two groups operate, as a rule, in apparent 
accord with genetic lines, Klcedenia is accepted, with some justifiable 
modifications of the original diagnosis, as a useful designation. The 
comparatively few species about which there is doubt are provision- 
ally left with Beyrichia. 

Accepting Beyinchia kloedeni and B. tuherculata as the types of the 
genus, and bearing in mind the ground to be occupied by the revised 
Klcedenia^ the restricted genus BeyAchia may be defined as follows: 

« Syii. Sll. Foss. Ireland, p. 57. 
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Genus BEYRICHIA McCoy, emended. 

Bei/richia McCoy, Synop. Sil. Fobs. Ireland, 1846, p. 57. 

Bei/richia Bell and Fobbes, in Burmeister*s Org. Tril., London, Suppl. App^ 

p. 124. 
Beyrichia McCoT, Brit Pal. Rocks and Fobs., 1854, p. 135. 
Beyrichia (part) Jones, Ann. and Mag. Nat. Hist. (2), XVI, 1855, p. 85.- 
Beyricfiia {p&rt) Hall, Nat. Hist. New York, Pal., Ill, 1859 [1861], p. 377. 
Beyrichia (part) Barrande, Syst. Sil. du Centre Boheme, I, Suppl., 1872. p. 490. 
Beyrichia (part) Zittel, Haudbuch d. Pal., II, 1885, p. 553. 
Beyrichia Reuter, Zelts. d. d. geol. Gesell., XXXVII, 1885, p. 628. 
Beyrichia (part) Jones and Holl, Ann. and Mag. Nat. Hist. (5), XVII, 1886, 

pp. 338, 345. 
Beyrichia Jones and Kirkby, Proc. Geol. Assoc., IX, 1886, p. 505. 
Bollia (part) Jones, Ann. and Mag. Nat. Hist. (5), XIX, 1887, p. 408. 
Beyrichia Verworn, Zeits. d. d. geol. Gesell., XXXIX, 1887, i). 27. 
Beyrichia (part) Krause, Zelts. d. d. geol. Gesell., XLI, 1889, p. 17. 
Bollia (part) Krause, Zelts. d. d. geol. Gesell., XLI, 1889, pp. 13, 14. 
Beyrichia Miller, North Anier. Geol. and Pal., 1889, p. 534. 
Beyrichia Vogdes, Annals New York Acad. Sci., V, 1889, p. 8. 
Ctenoholhina (part) Ulrich, Jour. Cincinnati Soc. Nat. Hist., XIII, 1890, p. 111. 
Strepula (part) Krause, Zelts. d. d. geol. Gesell., XLIII, 1891, i). 498. 
Beyrichia (part) Ulrich, Geol. and Nat. Hist. Surv. Minnesota, Final Rept. 

Ill, Pt. 2, 1894, p. 657. 
Beyrichia Koken, Die Leitfossllien, 1896, p. 40. 
Beyrichia Gurich, A'erh. d. Rus8.-Kals. Mineral Gesell. zu St. Petersburg (2), 

1896, p. 385. 
Beyrichia Grabau, Bull. Buffalo Soc. Nat. Sci., VI, 1899, p. 306. 
Beyrichia Ulrich and Bassler, Proc. IT. S. Nat. Mus., XXX, 1906, p. 151. 

Carapace comparatively large, 2 mm. to 5 mm. in length, semiovate 
or semicircular to oblong in outline, with sharp dorsal and rounded 
ventral angles. Valves only moderately convex, strongly impressed 
with two vertical furrows, extending from the straight dorsal edge 
to the ventral portion of the valve so as to divide the intramarginal 
part of the surface into three unequal and unsymmetrical lobes. 
These vary considerably in size with respect to each other and with 
respect to their separation ; also in the development of their ventral 
ends. The furrows may be much narrower or they may equal the 
ridges in width. The ovate median lobe is the most constant in form 
and size, usually the smallest, and ordinarily begins some distance 
beneath the dorsal edge. The anterior lobe, though generally the 
largest, is the most variable in size and form, being also often broken 
up into subsidiary nodes. The posterior ridge is, as a rule, the nar- 
rowest, runs nearly parallel with the posterior border, is rounded 
and thickest above, sometimes constricted near its middle, and often 
tapers to the vanishing point near the middle of the ventral edge. 
In other species it joins the ventral prolongation of the anterior lobe, 
in which cases commonly all three lobes are joined. When only two 
of the lobes are connected, it is, perhaps invariably, the median and 
the anterior. Ventral pouch (presumably of female) egg-shaped or 
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subglobular^ as large or larger than either of the ordinary lobes, 
arising from the ventral part of the posterior lobe, hence located 
wholly or mostly behind the middle of the valve. A flange-like bor- 
der around the ends and the ventral side. This may be narrow or 
wide, simple or rimmed, and variously ornamented with granules or 
spines. The flange overhangs the real contact edges which are bev- 
eled inward, the opposite edges meeting either flush or that of the 
right valve very slightly overlaps the edge of the left. Surface of 
valves smooth, granulose, punctate, or reticulate, or granulo-reticulate. 
The following species have the characters of the genus as here 
restricted : 

OBDOVICIAN 8PECIER. 



Beprichia (Steusloffla) acuta (Bey- 
richia crratica, var. acuta Kraiise). 

Beprichia {Steuslojgfla) antiqua {Bep- 
richia antiqua Steusloff). 

Beprichia granulifera^ new name (Bol- 
lia granulosa Krause). 

Beprichia ( Steusloffla ) Un narsaoni 
(Strepula linnarsaoni Krause). 



Beprichia (Steualoffla) signata (Bep- 
richia signata Krause). 

Beprichia tvmida (Ctenobolbina tu- 
mida Ulrlch). 

Beprichia v-scripta {Bollia v-scripta 
Krause). 



SILUiUAN SPECIES. 



Beprichia admixta Jones and Holl. 
Beprichia aequilatera Hall. 
Beprichia haueri Reuter. 
Beprichia haueri tripartita Reuter. 
Beprichia. {Steualoffla) heprichioides 

(Strepula heprichioides Jones and 

HoH). 
Beprichia holliana Reuter. 
Beprichia bronni Reuter. 
Beprichia buchiana Jones. 
Beprichia buchiana angustata Reuter. 
Beprichia buchiana incisa Reuter. 
Beprichia buchiana lata Reuter. 
Beprichia buchiana nutaiis Kiesow. 
Beprichia clavata Kolmodin. 
Beprichia damesi Krause. 
Beprichia diffusa Jones. 
Beprichia dubia Reuter. 
Beprichia grandis Kolmodin. 
Beprichia granulosa <* Hall. 
Beprichia interrupta (Bollia inter- 

rupta Jones). 
Beprichia jonesii BoU. 



Beprichia klasdeni McCoy. 
Beprichia klcBdeni acadica « Jones. 
Beprichia klcedeni antiquata Jones. 
Beprichia klcedeni bicuspis Kiesow. 
Beprichia klcedeni granulata Jones. 
Beprichia kleedeni infecta Jones. 
Beprichia, klesdeni intermedia Jones. 
Beprichia klcedeni intermedia, subvar. 

subspissa Jones and Holl. 
Beprichia klcedeni nuda Jones. 
Beprichia klcedeni protuberans Boll. 
Beprichia klcedeni subtorosa Jones. 
Beprichia klcedeni torosa Jones. 
Beprichia klcedeni verruculosa Jones. 
Beprichia kochii Boll. 
Beprichia lata <> Hall. 
Beprichia lauensis Kiesow. 
Beprichia lindstromi Kiesow. 
Beprichia maccopiana Jones. 
Beprichia maccopiana sulcata Reuter. 
Beprichia moodepi,^ new species.* 
Beprichia muldensis Chapman. 
Beprichia nodulosa Boll. 



^ American species. 

* This species is very similar to B, maccopiana and is probably the American 
form referred to this latter species by Jones. It is distinguished by the greater 
isolation of the median lobe and the very finely punctated surface of the lobes. 
See Plate XXXVII, flg. 8. 

Formation and localitp. — Cayuga formation, near Cacapon, West Virginia. 

Cotypes.—Ceit No. 53936, U.S.N.M. 
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Bcyrichia nodulosa expansn {li, lind- Beyrichia spinulosa Boll. 

stromi, var cxpansa Kiesow). Beyrichia sieusloffi Krause. 

Bcyrichia noetlingi Reuter. Beyrichia Mlohata (Entomis trilobata 



Beyrichia noetlingi eonjuneta Reuter. Krause). 

Beyrichia plagoaa^ Jones. Beyrichia tuherculata (Battus tuber- 



A 

;.' u. Beyrichia plicata (Entomis plieata culatus Kloeden). 

\ :! Krause). Beyrichia tuherculata IHgibhosa Reu* 

Beyrichia pustulosa^ Hall. ter. 

Beyrichia reticulata (StrepuJa reticu- Beyrichia tuherculata folioaa Jones. 

lata (limbata in text) Krause). Beyrichia tuherculata spicata Jones. 

Bcyrichia reuteri Krause. Beyrichia tuherculato-kochiana Reuter. 

Beyrichia aaltcriana Jones. Beyrichia umhonata (Beyrichia bol- 

BeytHchia scanensis Kolmodin. liana umhonata Reuter). 

Beyrichia (Steusloffia) simplex {Strep- Beyrichia tcaldronensis,^ new siiecies.* 
ula simplex Krause). 

DEVONIAN SPEC IKS. 

Beyrichia aurita Richter. Bcyrichia, new species (fi. klcsdcni 

Beyrichia devonica Jones and Wood- var. Jones), 
ward. 

Approximately 225 named species and varieties, varying in time 
from the Cambrian to the Permian, have, in the past sixty years, been 
referred to Beyrichia. Of the total number, only the seventy-three 
species and varieties listed above may be accepted as conforming 
strictly to the genus as here characterized. Only a few of these are 
Ordovician, and only two or three Devonian. The Cambrian species 
are regarded as widely different and probably not Ostracoda at all, 
while none of the Carboniferous species is strictly referable to the 
genus. As restricted, then, Bcyrichia is preeminently a Silurian 
genus. 

It is interesting to note further that only four of these species are 
as yet known in American deposits, and of these but one, Beyrichia 
granuloHG Hall, is found in the Ohioan province, the other three oc- 
curring in the Atlantic and Polar provinces. All the remaining true 
Beyrichia? seem to be confined to Baltic and British deposits, none of 
the central and southern European species being, so far as known, 
strictly referable to the genus. The list will be increased by two or 
throe as yet unpublished east American Silurian species, but even 
with these the American representation is so weak that it is justifiable 

"American species. 

^ Related to B, moodeyi and B, maeeoyiana, but has a much broader marginal 
border, a rather longer median lobe, and a distinctly reticulate surface which is 
esi>ecially marked on the lobes. The species presents considerable resemblance 
to Beyrichia reticulata as figured by Krause, but diflfers in wanting the crest- 
like ridge. See Plate XXXVII, flgs. 9, 10. 

Formation and /oca/iYj/.— Niagaran (Waldron shale), Waldron, Indiana. 

Cotypes.—Csit. No. 41600, U.S.N.M. 
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to regard Beyrirhia as essentially a north European genus. The 
direct opposite is true of the group of Beyrichiidjp typified by B. 
wilrkensiana Jones, for which Jones and IIoll subsequently erected 
the genus Klcedenia. That is to say, the latter genus is much more 
strongly developed in America than in Europe. 

About ninety of the species originally descril>ed as Beyrichia re- 
main to be distributed among their proper genera. A large part of 
this number will be accounted for in the following discussions of the 
other genera of the family. But a considerable number will remain 
even then that for one reason or another cannot yet be definitely 
placed. In most cases it is lack of knowledge that suggests delay 
in deciding their systematic positions. A few, however, .require 
further study and comparison, being too peculiar to fall readily into 
place. 

The species here definitely referred to Beyrichia fall into seven, 
in part genetic, in part perhaps artificial groups. The first three of 
of these, the B. hlaedeni^ the B. tuhcrndata^ and the B, huchlana 
groups, are made up entirely of imequi vocal species of the genus. 
The other four groups, however, are more or less synthetic, and, 
though including species that cannot be clearly distinguished from 
Beyrirhia^ they are yet closely connected with species that must be 
n»f erred to other genera. In other words, they represent different 
lines of development that seem to have originated in diverse 
Ordovician types but ended through what might be called convergent 
evolution in much more uniform stages. It appears further that in 
the decline of the genus a partuil reversion to ancestral stages took 
place. Suggestive observations bearing on these points will be found 
in the foUowing notes. 

(;ROri» OF K. KLG^DENI. 

This group embraces B, Hwdeni, B, niaocoyiana^ B. holHancu B, 
kochii^ B, tuherrulato-korhiana^ B. moodeyi^ new species, B, li/ul- 
stromi^ and most of the forms described by various authors as vari- 
eties of the first-named species. Its valves are usually short, semi- 
elliptical in outline, and sharply lobed. The lobes are of medium 
thickness, the anterior one tending to enlargement and dissection, 
while the middle lobe is nearly as large as the posterior and com- 
monly exhibits a tendency to union with the incurved ventral extrem- 
ity of the anterior lobe. The posterior lobe is more or less acuminate 
and incurved below, but does not extend forward beyond the base of 
the median lobe. The type usually is shorter and always has some- 
what thicker and more bulbous lobes than the huchiana section, and 
it is commonly shorter, with less dissected anterior and posterior 
lobes, and a longer median lobe than the tuhemdata group. It con- 
stitutes, therefore, an admirable central type for the genus, and its 



Digitized 



by Google 



288 



PR0CEEDIN08 OF THE NATIONAL MUSEUM. 




15 



least synthetic, hence most characteristic phase. None of the species 
belonging to the group suggests genetic relations to species not in- 
cluded in the genus as here defined. 

GROT'P OF B. BUCHIANA. 

In B. huchiana and its nearest allies and varieties the anterior and 
median lobes are joined, as commonly happens in Beyrichia^ but the 
anterior lobe is thinner and the ventral connection proportionally 
thicker than usual, the combination giving to the united lobes a strik- 
ing similarity to the horse-shoe ridge in the B, ungula section of Bol- 
lia. Indeed, Beyrichia huchiana and the Cincinnatian Bollia regu- 
laris (Emmons) and B, persulcata (Ulrich) are sufficiently alike in 
general aspect to have induced so thorough a student of Ostracoda 
as T. Rupert Jones to refer a partially covered specimen of the last 

to the Silurian Beyrichia, 
12 . 13 The resemblance might be 

regarded as indicating ge- 
netic affinity between the 
two, the younger B, huchi- 
ana being evolved through 
the continued and finally 
total obsolescence of the 
anterior marginal ridge of 
the Bollia. 

Though admitting the 
possibility of such a deri- 
vation, it has yet seemed to 
the writers an improbable 
relationship. The mar- 
ginal ridge is one of the 
most stable characters of 
Bollia^ and though its ventral part is often low and sometimes quite 
obsolete, there is no evidence to show that the anterior part is even 
lost entirely. The arrangement of the ridges in Bollia is bilateral 
with respect to a median furrow, in Beyrichia with respect to a me- 
dian lobe. In Bollia regularis the anterior marginal ridge is paired 
with a less well-developed posterior ridge, the pair of median ridges 
uniting below as usual. In testing the possible derivation of Bey- 
richia huchiana from Bollia regularise it should be remembered that 
in the Beyrichia it is the anterior and median lobes that are united, 
and that if the suggested derivation were a fact, it must have been by 
anterior shrinkage of the Bollia and final loss of the part bearing the ' 
anterior marginal ridge. Instead of this it seems certain that the 
stronger of the terminal ridges on valves of B, regularis is the ante- 
rior one, pro\ang that in this species at least the conditions are the 
opposite of what they should be. 





Figs. 12-15. — 12-14. Left valve and side and 
edge views op another left valve of bollia 
REOULABis (Emmons), X 30. Arnheim beds of 
Richmond group, Waynesville, Ohio. 15. Left 
VALVE OF Beyrichia huchiana Jo.nes, X 8 
(after Jones). The figures are intended to 
illustrate the possible derivation op the 
b. buchiana group op beyrichia from bollia. 



Digitized 



by Google 



NO. 1040. REVISIOy OF liKYRlVHUD.K—VLHICli AM) BA^HLIUl. 289 

The B. buchiana group is characterized by its comparatively long 
shells, but passes by easy gradation into the B. klmdeni group, the 
mere proportionate shortening of the valves sufficing to bring about 
some of the differences l)etween them. On the other side it grades by 
thickening and division of lobes into the B, tvherculata section. B. 
lauensis Kiesow is regarded as an extreme member of the group, 
differing from the other species in the dissection of the anterior lobe 
and its separation from the median lobe. 

GROUP OF B. TUBERCULATA. 

This section of the genus comprises a number of species and varie- 
ties in which the anterior and posterior lobes are broken up by minor 
furrows, the posterior lobe into two, the anterior lobe into from two 
to six or seven node-like parts. Renter's B. huchianO'titherculata 
would represent about the simplest type and B. pmtidom Hall and 
B, ncRtlingi Renter the most complex. The anterior lobe is, as a rule, 
larger than in other groups, and when not too much dissected, retains 
the " leg-of-mutton shape " pertaining to this lobe in the majority 
of the species of the ffenus. In the most simple species of the group 
the posterior lobe is sharply constricted about its midlength, or scmie- 
what above this point, the upper bulb being usually considerably 
smaller than the lower. The anterior lobe in these is crossed obliquely 
by a single curved furrow dividing the vertical upper part from the 
much larger ventral portion. In the next stage of dissection (as, for 
instance, B. tuhereulata and B, bronni) the posterior lobe is usually 
completely divided, while the anterior lobe is crossed by two parallel 
furrows instead of one. In further stages the lower and largest of 
the three divisions of the anterior lobe is broken up into a series of 
three nodes and the middle division commonly into two, while the 
upper may also be divided into two much smaller tubercles. 

Except in the most simple species, which of course are not far 
removed from B, klmdeni and B. buchiana^ none of the lobes are con- 
nected ventrally. This fact sets the group somewhat apart from the 
majority of the remaining species here referred to the genus, and 
allies it to the subgenus Steuslo-ffia, A coarsely granulose surface 
ornament of the lobes usually obtains except in the most highly dis- 
sected species. As a rule, the main lobes are well separated and the 
carapaces large, thus differing from the otherwise similar group of 
B, Hcdteriana. 

Respecting the derivation of this group of species, the problem 
seems at first sight very obscure. However, on closer analysis of the 
lobes and comparison with Ordovician genera, the possibility of its 
having sprung from Drepanella becomes more and more evident, so 
that finally the idea assumes the rank of high probability and needs 
but the discovery of one or two links to make it a certainty. To illus- 
Proc. N. M. vol. XXXV— OS 19 
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trate the supposed evolution, the lines of a Drepanella have been 
drawn in black over a figure of B, tuberculata. This shows that by 
merely dividing the sickle-shaped marginal ridge of Drepanella into 
a series of three or more node-like parts, the result is in essential 
accord with the structure characterizing the group of B. tuberculata. 
Above the submarginal ridge the valves of Drepanella have two per- 
sistent lobes corresponding to the median and anterior lobes of most 
Beyrichise. They may be dissected into subsidiary nodes (as, for 
instance, D. crassinoda and D. nitida) and are sometimes connected 
ventrally {D. higeneris)^ as is commonly the case in the groups of B. 
huchiqna and B. klwdeni. The subsidiary nodes of the dissected 
anterior lobe in Drepanella macra^ D. crassinoda^ and D. nitida can 
be matched exactly in respectively Beyrichia tuberculata^ B. ncetlingi. 
and B. baueri. But the tendency to dissection of the median lobe 
exhibited by the oldest species of Drepanella is never observed in 
species of Beyrichia. Indeed, this lobe soon became the most con- 
stant feature for the whole family. Aside from this occasional dif- 
ference, the greatest distinction between 
Drepanella and the tuberculata section 
of Beyrichia is that, whereas in the 
former the outer sickle-shaped ridge is 
the most constant feature, in the latter it 
became through dissection the least stable. 
The youngest unquestionable Drepa- 
nella known is the D. richardsoni of the 
Fig. 16. — A left valve of Bey- -r** i ^ ' r^\ - x .i • .t_ x • 

RicHiA TUBERCULATA (Klce- Eichmoud m Ohio. In this the anterior 
DEN). X 15, WITH THE LINES OP eud of thc sicklc-shapcd submarginal 

A Drepanella DRAWN OVER IT. . -, . ,, . i i ^ i . . -., 

ridge IS thick and tends to connect with 
the basal part of the expanded and prominent, though still partially 
dissected anterior lobe. Continuing this line of departure from the 
older, typical species of the genus, a stage might be expected in which 
the anterior lobe w^ould be swollen to such a degree that the component 
nodes or tubercles of the earlier dissected stages would be entirely 
obscured. In fact, we have such a stage in a late Richmond species 
described by Ulrich as Ctenobolbina tumida. As stated in the dis- 
cussion of that genus, the species is not a Ctenobolbina^ the bulbous 
part of the carapace which was thought to correspond to the simi- 
larly bulbous posterior end of C. ciliata being, in fact, anterior. The 
original specimens of the species were not in condition to permit 
working out all its characters exactly, nor had any reason occurred 
at that time to lead the author to suspect that the swollen end of the 
carapace is anterior and not posterior. Such a suspicion, ending 
finally in conviction, arose only during the course of the present re- 
vision of the family. Recognizing the median lobe of Beyrichia. in 
the small vertical node or ridge located well to one side of the middle 
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of the valve in C. tumida^ and having learned, that this is invariably 
situated behind the middle, no other course remained than to interpret 
the bulbous end as anterior. 

Having oriented the valves in this manner, the relations of C. 
tumida to Drepanella richardsoni became fairly clear ; but even then 
it required a more perfect specimen than the original types to enforce 
conviction. This specimen, recently collected at Moreland, Ken- 
tucky, has a thick marginal ridge running from the post-dorsal angle 
to the middle of the ventral edge, where its further extent is lost in 
the ventral slope of the anterior bulb. But its anterior extremity 
reappears on the opposite side of the bulb as a distinct node. Taking 
essentials alone into account, the characters of C. tumida are not 
greatly different from those of Beyrichia like B. protuberant^ B. 

,7 « " 






20 21 2.2 

m ^^ 

F108. 17-22. — 17. Right valve of Dbepanblla macba Ulrich for comparison with 
FIG. 20. Left valve of Beyrichia tuberculata (Kl(£den). 18. Right valve of 
Drepanella crassinoda Ulrich for comparison with left valve of Beyrichia 
noetlingi Reuter (fig. 21). 19. Left valve of Drepanella nitida (Ulrich) for 
comparison with the cqrresponding valve of Beyrichia baceri Reuter, shown 
IN fio. 22. (Copied after Ulrich and Reuter.) 

jonesi^ or B. clavata^ in which also the anterior lobe is the most prom- 
inent part of the valves and the posterior lobe extends forward be- 
neath the middle and anterior lobes. Therefore, despite the rather 
strong dissimilarity in aspect, there seems really to be no very essen- 
tial difference between C. tumida and Beyrichia. The posterior half 
is nearly the same in both, and only the great development of the an- 
terior lobe gives the Ordovician species a strange look. However, as 
the writers are convinced that the latter is related genetically to un- 
questionable species of Beyrichia, and that the differences noted are 
not of greater importance than those obtaining between, for instance, 
the B. tuberculata and the B. klcedeni groups, the species tumida is 
removed from Ctenobolbina, where it certainly does not belong, to 
Beyrichia. 
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The relations of B, tumida to the Clinton B. lata, suggested in 
1894," have been confirmed in the present investigation. Though 
widely different in general aspect, the evolution of the latter from 
the former is regarded as not unlikely. In the rapid and sometimes 
extravagant mutation that is indicated, not only for the ostracoda 
but also in other classes of animals, at and immediately following the 
close of the Ordovician, it is readily conceivable that both the ante- 
rior and the posterior lobes of B. tumida might have been greatly 
reduced and thus to have brought about a temporary stage like B, lata. 

The Clinton species is 
23 OA chiefly remarkable be- 

cause of the slight de- 
velopment of its pos- 
terior lobe. In the 
Devonian decadence 
of typical B eyrie kia a 
similar obsolescence of 
the posterior ridge is 
noted in the modified 
stage represented by 
Treposella lyoni (Ul- 
rich). At this time 
the Beyrichiidsp as- 
sumed various atavis- 
tic expressions, some 
suggesting Ctenobol- 
hina^ othei's BoUia. 
while a third may re* 
call Tetradella, I n 
the partial obsoles- 
cence of the posterior 
lobe and the propor- 
tionate distinctness of 
the loop formed by the ventral union of the median and posterior 
nodes, B, lata also suggests a Bollia. 





Figs. 23-26. — 23. Left valve of Drrpanella richard- 

80Nl(MlLLBU), X 10, INTRODUCED FOR COMPARISON WITH 

Beyrichia tubercl'Lata. Upper beds op tub Rich- 
mond GROUP, near Wilmington, Ohio. 24. Right 
VALVE OP Beyrichia tu-mida (Ulrich), X 10, showing 
its derivation FRO.M Drepanjilla. Top of Richmond 
GROUP, Moreland, Kv. 25. Right valve op Beyrichia 
lata Hall, x 10, for comparison with Beyrichia 
tumida and Drepanelli richardsoni. Clinton 
GROUP, New Hartford, N. Y. 26. Right valve of 
Treposella lyoni (Ulrich), x 20, a derivation of 
Beyrichia in which the po.sterior lobe has be- 
come obsolete. (After Ulrich.) Onondaga lime- 
stone. Falls of the Ohio. 



(;roup of b. salteriana. 

The species of this group do not, as a rule, attain the average size 
of those included in the B, tuherculata^ B, kla^deni^ and B, huchianxi 
groups. They differ rather obviously, too, from these other groups 
in the fullness of their lobes and the proportionate narrowness of the 
furrows. The departure from the more typical sections is toward 
Klcedenia^ in which the furrows are obscure or die out entirely in 

Ulrich, Geol. and Nat. Hist. Surv. Minnesota, Final Kept., III. Pt 2, p. 674. 
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the swollen ventral half of the valves. While clearly intermediate 
in character between typical Beyrichia and Klcedenia^ it yet seems 
unlikely that either was derived from the other through the salteriana 
group. On the contrary, a study of B, salteriana Jones, B. reuteri 
Krause, B. plicata (Krause), and B, trilohata (Krause) seems to indi- 
cate a closely knit line of development that diverged, like the B, lin- 
narssoni group, from some early stage of Ctenoholhina, The resem- 
blance exhibited by B, plicata to Ctenoholhina suhcrassa^ for instance, 
is too close to be regarded as otherwise than genetic; and the agree- 
ment between B. plicata and B. reuteri^ and between the latter and 
B. salteriana^ is so intimate that a similar relationship seems 
undeniable. 

Compared with the other sections of the genus, the salteriana group 
agrees best with the B. tuherculata group in the isolation of its median 
lobe. The dissection of the other two lobes occurring so generally in 
that group, however, is not even suggested. 

28 29 3|> 
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Figs. 27-30. — 27. Right valve op Ctenobolbina subcrassa Ulrich, X 20. (After 
Ulbich.) 28. Right valve of Beyrichia plicata (Krause), x 20. 29. Left valve 
OF Beyrichia reuteri Krause, X 15. (Figs. 28 and 29 are copied from Krause.) 
30. Right valve of Beyrichia salteriana Jones, x 10. (After Recter.) The 
figures illustrate the relation and probable derivation of the Beyrichia. 

salteriana group from a C^^BNOBOLBINA LIKE SUBCRASSA. TWO INTERMEDIATE STAGES 
ARE SHOWN IN FIGS. 39 AND 41. 

Beyrichia granulosa Hall, from the Waldron shale of Indiana, is 
a good American example of this section of the genus. This species 
is of exceptional interest because it is one of the few species of the 
genus that occur in Silurian deposits of the Ohioan Province. 

GROUP OP B. CI^VATA. 

Of the foregoing groups, those of B. klcedeni^ B. huchiana^ and B. 
tuherculata represent the fully established and most typical stages of 
the genus. The group of B, salteriana evidently originated in some 
species of Ctenoholhina and probably is the stock from which B. 
klcBdeni was derived. It is also the only known group from which 
the genus Klcedenia might have sprung. The small group of B. 
clavata^ which includes B, jonesii Boll and possibly B, umhonata 
Renter, likewise has a character suggesting an earlier genus, namely, 
the posterior ridge curves forward along the ventral margin, and, 
though attached to the slender isthmus connecting the anterior and 
median lobes, is often distinguishable as far as the antero-ventral 
angle where it merges into the great, pear-shaped anterior lobe. So 
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far as essentials go, the result is not unlike the Ordovician genus 
Drepanella^ with its gi*eat, sickle-shaped marginal ridge. 

Much similarity is traceable also between B, clavata and the syn- 
thetic B. interrupta group. The posterior ridge is not so well de- 
veloped in that group, but in B. v-scripta and B. granulifera it is 
clearly suggested to where it is lost in the low anterior lobe; and just 
over its ventral part is the antero-median isthmus. Whether either 
of these resemblances are indicative of close genetic alliances can 
not be decided with the evidence now available. The youngest un- 
questionable Drepanella^ Z>. rich(ird80}ii (Miller), of the Richmond 
group, analyzes more in accord with Beyrichia tuherculata than witJi 
B. clavata. As stated in another note, the union of the posterior lobe 
of B, tuherculata with the lower of the three parts of the anterior 
lobe (see figure) would give every essential of Drepanella. While 
the importance of the difference is recognized, and it is a fact that 
links establishing the relation are unknown, the writers, nevertheless, 
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Figs. 31-33. — 31. Left valve op Beyrichia clavata Kolmodin. 32. Left valvb op 
Bbtrichia granulifera, new name (Bollia granulosa Krause), X ir>. (Apter 
Krausb.) 33. llHjnT valve of Beyrichia tumida (Ulrich), x 10. The figures 
illustrate the resemblance of the Beyrichia clavata group to the B. intkr- 
rupta group and show the similar antero-ventral prolongation op the poste- 
rior LOBK. 

are convinced that the B, tuhermdata section was evolved out of 
Drepanella, 

Despite the unbroken antero-ventral continuation of the posterior 
ridge in B, clacata^ the direct derivation of this species from Drepa- 
nella seems unlikely, except it be through B, tumida {Ctenobolbina 
tumida Ulrich.)** Derivation from something like B. granulifera 
and B, v-Hciipta is at least equally plausible. However, neither of 
these possible solutions is entirely satisfactory, so that for the present 
the origin of B. clavata must lie left as undecided. 

As for B. umhonata^ which is somewhat doubtfully referred to this 
group, the alliance with Drepanella seems much more natural. Ex- 
cept that the valves are, on the whole, more convex, and the lobes 
thicker and less sharply defined, every other essential feature may be 
duplicated in typical Drepanella like Z>. crassinoda and D, macra. 

Another drepanelloid Beyrichian and possible member orderivation 
of this group is the Devonian B. kolmodini Jones. This species has 

*» See notes on Drepanella richardsoni and Rvyrichia tumida on page 290. 
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a thick, yet sharply defined, sickle-shaped ridge with two separate 
rounded nodes above and a variable short ridge just within the ante- 
rior edge. Except the interiorly concave marginal border, smaller 
size, and proportionally narrow anterior end, the general aspect, es- 
pecially in the matter of lobation, is highly suggestive of Drepanella, 
Here again, however, the writers doubt the reality of the suggested 
genetic relation. On the contrary, it is thought the true affinities of 
the species lie with other middle Devonian species that could not be 
suspected of alliance to Drepanella except in a very remote degree. 
These species, namely, constitute a peculiar group, described and 
mostly referred by Ulrich, as is now l)elieved incorrectly, to Ctenobol- 
bmcu Conspicuous members of this group are C. informis^ C. ante- 
spinosa^ C, spiculosa^ C, cavimarginata^ and C, insolens. These spe- 
cies, it will be noted, vary greatly in general expression, and because 
of their spinosity, probably indicate decadence of the Silurian tvpe 
of Bcyrichiidse, and rapid evolution toward the establishment of the 
final, again comparatively long-lived type of the family. In the 
transition, various atavistic stages are indicated, some recalling 
Ctenobolbina^ some Bollia^ and others, like B, kolmodini^ more nearly 
resembling Drepanella. Previously highly important and constant 
features have become most unstable, but through all the vagaries the 
steady evolution of the two rounded nodes which constitute the essen- 
tial characteristic of the dominant and generically distinct later 
Paleozoic Beyrichian type is manifest. These two nodes, which rep- 
resent the median and anterior lobes of typical Beyrichia*, are well de- 
veloped in B. Icolmodini^ but the general expression of the valves in 
this transitional stage in the development of the family is so at vari- 
ance with that of the typical Silurian groups of Beyrichia that the 
"writers have decided to recognize it by erecting the new geuus 
Ilollina. 

Smbgenus STEUSL0F7IA, new. 

Beyrichia (part) of Authobs. 
StrepuJa (part) of Authors. 

GROUP OF B. LINNARSSONI. 

Beyrichia antiqua^ B, acuta^ B, simplex^ B, linnarssoni^ B. signata^ 
B. heyrichioides^ and probably B. erratica Krause, which is provision- 
ally not included in the above list, constitute a peculiar group sug- 
gesting Strepula in having thin, elevated ribs or crests running over 
the surface of the valves. It is believed that these ribs served the 
purpose of strengthening the valves and that they are developed in 
genetically distinct groups of species. Depending primarily on the 
lobation of the valves and on their form in deciding questions of 
relationship, the group under consideration conforms in all essential 
respects with typical BeyHchia, 
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Beside the presumably dominating alliance of the B, Unnarssoni 
group to Beyrichia s. s., and the suggested relation to Strepula^ other 
in part apparently true alliances are indicated, in some by the ar- 
rangement of the superficial ribbing, in others by the form and dis- 
position of the lobes. Thus the tetrameroid arrangement of the ribs 
in B. erratica and B. signata recalls Tetradella. The same may be 
said of certain more typical and possibly true strepulae like S. lineata 
Krause and the two varieties described by Steusloff as granulosa and 
Heparata, The more simple B. antiqua Steusloff and B, acuta Krause 
are like certain species of Ctenoholbina. In the opinion of the 
writers, this resemblance is of real genetic significance, the indicated 
i-elationship and probable derivation of at least some Beyrichiae from 
Ctc'7iobolbina seeming fairly easy to establish. 

In tracing out this relationship we begin, not with the genotype, 
C, ciliata^ and the four or five closely allied species found in the 
Cincinnati rocks, but with the older Stones River and Mohawkian 






Pigs. 34-3S. — M. Lkft valve of Reyrichia (Stei'sloffia) linnakssoni (Krause). X 20. 
(After Krause.) 35. Right valve of Strepula coxcentrica Jones and IIoll, 
X 15. (After Jones and IIoll.) 36. Left valve of Strepula irregularis Jones 
AND IIOLL, X 15. (After Jones and Uoll.) 37. Left valve of Beyrichia (Tetra- 
della?) erratica Krause. (Ai-ter Krause.) 38. Left valve op Strepula? lineata 
granulosa Steusloff, X 20. (After Steusloff.) Shows similar development 
OF superficial linear crests in Steusloffia and Strepula. In true Strepula 
the beyrichian lobes are not clearly determinable. 

forms. In the ciliata section of Ctenoholbina the median lobe is un- 
distinguishably merged in the larger posterior bulb which charac- 
terizes this section. It began in species like the early Trenton C, 
obliqua ITlrich and the foreign Ordovician C, oblonga {Entomu 
oblonga Steusloff), in which this median lobe is merely indicated by 
the abruptness of the inner slope of the main lobe; and these species 
seem to have been derived from the previously established C. sub- 
(Tassa section. 

In the subcrassa section the median lobe is generally distinguish- 
able, appearing as a small or larger node or ridge situated imme- 
diately behind the main, median sulcus. Usually the posterior side 
of the lobe is not sharply defined from the more or less swollen sur- 
face behind it. Sometimes, as in C, umbonata {Entomis %anbonata 
Steusloff) and C. subcrassa Ulrich, it forms a small, rounded node 
on the inner slope of the main posterior bulb. In others (as, for 
in.stance, C crassa and C, fulcrata Ulrich) it makes a low ridge rising 
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slightly above the rest of the swollen posterior lobe, and of which 
it forms the greater part, while in some of the later Silurian species, 
namely C\ auricularis {Bollia auricularis Jones and HoU), and C. 
minor {Bollia minor Krause), it is rendered even more prominent 
by the almost total obsolescence of the posterior part of the Ctenohol- 
hina bulb (the obsolete part corresponds to the posterior lobe of a 
Beyrichia). 

Having reached the stages of C. suhcrassa and C. fulcrata^ a fur- 
ther discrimination of the median lobe might result in a species like 
C\ impressa (Entoinis impressa Steusloff) and finally in one like 
Beyrichia antiqua of the same author. In this last the median lobe 
is at least as large as in the average Beyrichia^ and the species differs 
from the more usual types of this genus only in the less sharp defini- 




Fios. 39-44. — 39. Left valve of Ctrnobolbina umboxata (Steusloff). 40. Right 
VALTE OP Ctenobolbina fclcrata (Ulbich). 41. Right valve op Ctenobclbina 
IMPRESSA (Steusloff). 42. Left valve of Ctenobolbina kubcrassa Ulrich. 
43. Left valve of Betrichia (Steuslopfia) antiqua (Steusloff), X 20. 44. Left 
valve of Betrichia (Steuslopfia) acuta (Krause). (Figs. 40 and 42 are after 
Ulrich, 39, 41, and 43 after Steusloff, and 44 aster Krause. All X 20.) 

tion of the post-median furrow and in the slight elevation and gen- 
eral lack of definition that pertains to both the anterior and posterior 
lobes. 

It is probably significant that most of these ribbed or crested spe- 
cies comprising the B. linnarssoni group are of Ordovician age, in 
which rocks Ctenobolbina and Tetradella are the prevailing genera, 
and unribbed, true Beyrichias almost unknown. The group, there- 
fore, ma}'^ be viewed as an intermediate stage in the development of at 
least one of the groups of Beyric^hia from Ctenobolbina. 

If accurately figured, Krause's Strepula reticulata should perhaps 
be referred to this group. On account of the proportionately elon- 
gate form of its valves and the great width of its marginal frill, 
the species would stand somewhat apart from the more typical repre- 
s(»ntatives of the group. Because of a similarly fringed and reticu- 
lated Beyriehia in the Waldron shale of Indiana, it seems just pos- 
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sible that the figure given by Krause is a little defective at the base 
of the median and posterior lobes. The Waldron species sometimes 
even exhibits a suggestion of the V-shaped crest, but, as is shown on 
Plate XXXVII, the ventral part of the posterior lobe is distinctly 
contracted, giving an appearance quite different from the same part 
in Krause's figure of B, reticulata^ but closely simulating the fringed 
species of the B. maccoyiana group. 

As figured, B. reticulata appears to be somewhat obscurely lobed, 
which, with the broad frill, is somewhat suggestive of EurychUina. 
But it has no sharply defined median pit, and it is thought unlikely 
that the marginal frill is hollowed out on its inner surface. The 
median lobe also is too long. It seems probable, therefore, that the 
general resemblance to EurychUina does not indicate close genetic 
relations. 

The B. linnarssoni group has a sufficiently uniform expression to 
suggest the advisability of its separation as an independent though 
decidedly synthetic genus. The crested valves recall Strepula, the 





Figs. 45-46. — Right valvk of Bkybichia reticulata (Krause), X 20, and the samb 

VALVE OF EURYCHILINA RETICULATA I'LRICH, X 20 (AFTER T'LRICH), SHOWING THB 
SIMILARITY OF THE TWO FORMS REFERRED TO IN THE TEXT. 

mode of lobation is very much as in the Beyrichia salteriana group, 
and through this resembles on the one hand the typical Beyrichian 
section of B, tuberciihta and on the other Klmdenia, In still an- 
other direction, close alliance with Ctenoholhina^ as above outlined, 
is established. If Ctenobolhina were expanded to take in a part of the 
group, consistency would demand that species of the B, salteriana 
group be also included. But this would render the boundary between 
Ctenoholbina and Beyrichia more artificial than it is desired to make 
it. Besides, it would split up an apparently very natural association 
of species. 

The group as a whole is undoubtedly more in accord with Bey- 
richia than Ctenobolhina J and in the first suggestion of the hetero- 
geneous mass of Beyrichiida?, its species were left with or referred to 
the restricted genus without much hesitation. However, in the still 
considerable and variable mass of species having the essential charac- 
ters of Beyrichia^ the comparative entity of the B, linnarssoni group 
is lost sight of. In order to secure its deserved recognition without 



Digitized 



by Google 



KO. 1646. REVISION OF BEYRIGHIID.'E—VLRICH AND BA88LER, 299 

at the same time completely disassociating it from its most obvious 
alliance, it is provisionally suggested that the group be distinguished 
merely subgenerically from Beyrichia^ and that it be known by the 
proposed name Steuslo-ffia^ with Beyrichia linnarssoni as the type. 

GROUP OF B. IXTERRUPTA. 

Another resemblance that has led to unnatural associations is that 
borne to Bollia by a small group comprising Beyrichia granulifera^ 
new name {Bollia granulosa Krause, specific name preoccupied under 
Beyrichia)^ and B, v-scHpta (Krause), two Ordovician species, B. 
damesi Krause, and B. internipta (Jones and Holl), two Silurian 
species. In fact, with the exception of B, damesi^ all of these species 
were originally referred to Bollia^ but, as will be clear enough when 




Pigs. 47-51. — 47. Right valvb op Beyrichia ixterbupta (Jones), X 20. 48. Left 
VALVE OP Beyrichia v-scripta (Krause), x ir». 49. Right valve op Eurychilina 

SUBRADIATA TILRICH, X 20. 50. LEFT VALVE OP BKYRICHIA CLAVATA KOLMODIN. 51. 

Ij!ft valvb OP Beyrichia (Steusloffia) acuta (Krause). (Fig 47 is after Jones, 
48 after Krause, 49 after Ulrich, 50 after Kiesow, a.\d 51 after Krause.) The 
illustrations show possible derivation of the Beyrichia interrupta group 
FROM Eurychilina and its relations to the Beyrichia clavata group and to 
Steusloffia. 

that'genus is considered, they do not belong there. The curved ridge 
in these species seems really to have no greater taxonomic significance 
than the similar node and ridge often seen in typical Eurychilina. 
On the other hand, the lobation of their valves, though in part ob- 
scure, is essentially that of Beyrichia^ the connection with species of 
this genus like B, jonesi and B, clavata being, apparently at least, 
very clear. 

The group suggests passage from Primitiidae to Beyrichia^ but 
whether this suggestion is based on fact or is merely apparent and 
thus misleading, can not be decided with the evidence at hand. How- 
ever, the possibility of species conforming to the generic diagnosis of 
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Beyrichia having been developed from diverse stocks by convergence 
in evolution, is worth bearing in mind. In general aspect, and es- 
pecially in having a well-defined median pit, B. granulifera and B. 
v-scripta certainly indicate Primitian ancestry, close affiliations being 
suggested to both Primitia and Eurychilina (as, for instance, E. 
schmidti). However, an analysis of their lobes seems to show more 
positive alliances on the one hand to the B. clavata group of Bay- 
richia^ andr«on the other to the proposed subgenus Steiislo-fficu Per- 
haps it would be well to institute another subgenus for this group. 

Genus KLOEDENIA Jones and Holl. 

Klosdenia Jones and Holl, Ann. and Mag. Nat. Hist. (5), XVII, 1886, 

p. 362. 
Klcedenia (part) Krause, Zeits. d. d. geol. GesseU., XLI, 1880, p. 21. 
Klcedenia (part) Miller, North Anier. Geol. and Pal., First App., 1882. 

p. 708. 
Klcsdenia (part) Koken, Die Leitfossilien, 1896, p. 39, text fig. 26A. 
Beyrichia (part) of Authors. 

Carapace of moderate size, 1 mm. to 4 or 5 mm. in depth. Valves 
very nearly equal, the ventral edge of the right valve sometimes very 
slightly overlapping the edge of the left. Outline oblong, siib- 
quadrate to subovate, rarely subtriangular, the hinge line long and 
straight, the remaining sides more or less curved. Surface of valves 
strongly convex, especially in the unlobed ventral half; dorsal half 
with two furrows deep above but growing obsolete before or shortly 
after crossing half the valve. Anterior furrow deeper and broader 
than the posterior one and located near the mid-length. Of the three 
lobes the median is the most constant in size and form. It is gen- 
erally rounded and somewhat bulbous, more rarely obtusely pointed 
above, and its diameter usually about one-fifth of the length of the 
valve. Posterior and anterior lobes sharply defined only along the 
furrows, the outer parts usually sloping more or less gently to the 
end rims and below merging into the swollen ventral surface, their 
dorsal extremities occasionally projecting beyond the horizon l.ine. 
Posterior lobe varying in width from rather less than to nearly twice 
the diameter of the median lobe. Anterior lobe constituting the 
greater part of this half of the valve, sometimes divided so as to form 
a broad inner lol)e and one or two narrower ridges in front. When 
the anterior lobe is thus prolonged and divided (as, for instance. A'. 
plicata Jones), the separating furrows extend entirely across the 
valve. Ventral pouch (as in Beyrichia presumably of female) mostly 
posterior, merely an extra, obscurely outlined swelling, not globular 
as in Beyrichia, A simple, narrow, flange-like border commonly 
present but may be wanting. Surface of valves granulose, punctate, 
reticulate, or without ornament. 
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Genotype, — Klmdenia wUckermana {B eyrie hia wilckensiana 
Jones) . 

LIST OF SPECIES HAVINi^r THE CHARACTERS OF KLCEDENIA AS 

ABOVE DEFINED. 

Klccdenia apiculata Jones. 

Klcedenia harretti^ (Beyrichia harrctti Weller). 

Klccdenia centricomis,^ new species.* 

Klccdenia concinna (Beyrichia concinna Jones and Holl). 

Klcedenia flmbriafa,^ new species.^ 

KlcBdenia granulata*^ (Beyrichia granulata Hall). 

Klcedenia initialise (Beyrichia initialis Ulrich). 

Klcedenia intermedia (Beyrichia intermedia Jones and Holl). 

Klcedenia intermedia marginata Jones and Holl. 

Klcedenia jersey ensis^ (Beyrichia jersey ensis Weller). 

Klccdenia kummeli^ (Beyrichia kummeli Weller). 

Klccdenia m^nliensis^ (Beyrichia tnanliensis Weller). 

Klccdenia tnanliensis deckerensis^ (Beyrichia deckerensis Weller), 

Klccdefiia marginalis,^ new species.* 

Klcedenia montaguensis ^ (Beyrichia montaguensis Weller). 

Klcedenia nearpassi^ (Beyrichia nearpassi Weller). 

Klccdenia ocuHna^ (Beyrichia oculina Hall). 

Klccdenia parasitica ^ (Beyrichia parasitica Hall). 

Klccdenia prcenuntia,^ new species.« 

Klccdenia punctiUosa,^ new species.^ 



<* American species. 

*The unusual len^h of the valve, spine-like central node, and coarse pitting 
are features which will cause the easy identification and differentiation of this 
species from others of the genus. See Plate XXXVIII, fig. 23. 

Formation and locality, — Coeymans limestone, Cumberland, Maryland. 

Holofype.— <:^t. No. 63305, U.S.N.M. 

^'This fine species will be recognized at once by its spinous margin. This 
sphiy frill, together with the reticular surface ornament and general neatness 
of form, impart a striking elegance to the shell. See Plate XXXVIII, fig. 22. 

Formation and locality. — Coeymans limestone, Herkimer County, New York. 

//otofype.— Cat. No. 53306, U.S.N.M. 

''This si)ecles is similar to Klcedenia tnanliensis (Weller), but has a wider 
margin. Is more elongate, and its sulci are much shallower. The surface is 
smooth, without ornament. See Plate XXXVIII, fig. 16. 

Formation and locality. — Helderbergian, Dalhousie, New Brunswick. 

HoMype.—Csit, No. 53937, U.S.N.M. 

^The distinctive features of this species are the unusual narrowness of the 
posterior lobe and the sharp impression yet unusual brevity of the sulci. The 
smooth surface and obscurely defined marginal rim will likewise assist in the 
discrimination of the 8i)ecies. See Plate XXXVIII, fig. 15. 

Formation and locality, — Ordovician (local bed in upper part of Hermitage 
formation). Four miles south of Carthage, Tennessee. 

Holotype.—CAt, No. 41643, U.S.N.M. 

^This new species is similar to Klcedenia nearpassi (Weller) and K. bar- 
retti (Weller) in outline, but its dorsal angle is more nearly rectangular and 
the marginal rim narrower. The surface is finely punctate. See Plate 
XXXVIII, fig. 17. 

Formation and locality. — Helderbergian, Dalhousie, New Brunswick. 

JToZoli/pc— Cat. No. 53038, U.S.N.M. 
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Klcedenia retifera^^ new species.^ 

Klwdcnia scotica {Bcyrichia kltrdeni, var. scotica Joues and Holl.) 

Kladenia simplex <» Jones. 

Klcedcnia nmocki*^ {Bcyrichia smocki Weller). 

Klcedcnia su^ftexcnsis ° {Bcyrichia sussexcnsis Weller). 

Klwdenia iuhcrculata {Bcyrichia tubcrculata Salter). 

Kladcnia icallpackensis ^ {Bcyrichia icallpackcnaia Weller). 

KlcBdcnia icilckcnsiana {Bcyrichia icilckensiana Jones). 

Kloedcnia wilckcnsiana plicata {Bcyrichia tcilckcnsiana plicata Jones). 

Of the above species, K. initialvi and K. proenuntia are middle 
Ordovician and A", simplex late Devonian. All the others are of 
Silurian, mainly late Silurian, age. 

It will be seen from this list of species that Klmdenia^ as here de- 
fined, includes only six of the twelve species and varieties which have 
been referred to it. Most of the others constitute a distinguishable 
group of which K. pennsylvanica Jones is a good example, and which 
it is proposed to separate as a new genus under the name Klceden^U^z. 
The new genus, as will be more fully set forth on a following page, 
differs from true Klmdenia, as understood by the writers, chiefly in 
the more cylindrical form of its shells and the greater inequality of 
its valves. In both of these respects, typical Klcedenia is essentially 
the same as Beyrirhia, the differences between the two lying in the 
relative convexity and lobation of the valves. 

In Beyrlchia the valves are depressed convex, the three lobes are 
represented by sharply defined ridges or elevations which rise ab- 
ruptly above the flattened floor of the valves. The ridges are sepa- 
rated by deep, vertical furrows, which, though varying in width, 
are yet very constant in their length. As a rule, the posterior furrow 
extends across the valve to the ventral rim. The anterior furrow 
commonly is limited below by the ventral junction of the anterior 
and median lobes, but when the latter is* isolated it passes around 
the lower side of the median lobe and merges with the posterior fur- 
row. 

In Klcedenia the main furrows never extend across the valves, but 
are confined to its dorsal half. They mark off a rather large sub- 
median node and often converge beneath so as to isolate it. The 
anterior and posterior lobes are broad and never ridge-like, but. 
as a rule, form part of the general convexity of the valve. In fact, 
the majority of the species might l>e described as approximately 
uniformly convex save for the short furrows inclosing the median 
node. 

^ American species. 

^ The surface ornament, jiractically obsolete marginal rim, the small spine at 
l>osterior extremity of hinge, and the unusually slight depth of the sulci are 
characters which will distinguish this species. See Plate XXXVIII, fig. 18. 

Formation and locality. — Helderbergian, Dalhousie, New Brunswick. 

Holotypc— Cat. No. 53939, U.S.N.M. 
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The relations of the genus to the group of Beyrichia salteriana^ 
which section of Beyrichia includes the species most like Klcedeniay 
have been discussed on a preceding page. 

Klcedenia may have been evolved through several rather widely 
different ways. First, it may have been derived from the salteriana 
group of Beyrichia by the ventral coalescence of the three lobes. 
Though possible, even reasonable, the known species afford no satis- 
factory evidence of such an alliance. In the absence of intermedi- 
ate stages, the evidence must be admitted as wholly negative, if not 
positively opposed to this view. Considering that the salteriana 
group of Beyrichia is Silurian, and that Kloedenia-like ostracoda 
began already in middle Ordovician time, it is clear that only a 
part of the genus could have been descended from Beyrichia. 

According to the second view, Klmdenia was derived from some 
unisulcate Primitian stock by the segregation and enlargement of the 
post-median node. Suggestive resemblances may be noted on com- 
parison with the Ordovician Primitia tumidvla^ P, cincinnatiensift^ 
Eurychilina reticulata^ and E.? suha:quata. Regarding the two 
valves of P. tumidula figured by Ulrich <» as right valves, and com- 
paring them with the right valve of Kloedenia initialis (Beyrichia. 
initialis Ulrich) figured on the same plate, the possible derivation 
from Priinitia is clearly indicated by correlation of the nodes and 
furrows. It should be borne in mind, however, that this comparison 
merely indicates the kind of steps by which passage from Primitia to 
Klcpdenia may have been effected, and not the links themselves, be- 
cause K. initialis is older than either of the two Primitias mentioned. 

Still other derivations are suggested by the new Ordovician species, 
K. prcBuuntia, This is a larger shell than any Primitia and has the 
median lobe too well separated to recall that genus. Except for the 
much sharper definition of the Kloedenia characteristics, this species 
resembles leperditellae like Z. germana and L.f dorsicomis. But it 
recalls even more Drepanella elongata^ which differs in little that 
may be called essential except that it has the sickle-shaped ridge of 
Drepanella. This ridge is w^eaker in />. elongata than usual, and it 
is really conceivable that it might have become obsolete early in the 
descendimts of this species, and thus give origin to a stage that, with 
our present limited knowledge, must be referred to Kloedenia, 

These diverse, yet all reasonably possible, derivations of lito^denia 
illustrate the extreme difficulties encountered in determining the 
genetic relations of the major groups of the family Beyrichiidse. 
Though inclined to favor the view that the majority of the species 
referred to Kloedenia were evolved out of Primitia^ it must be admit- 
ted that the evidence is far from conclusive. 

«Geol. and Nat. Hist. Surv. Minnesota, Final Kept., Ill, Pt. 2, 1804, pi. 
xuii, flgs. 62-65. 
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The genus Kyammodes Jones, founded on a British Devonian spe- 
cies, but thought to inchide also a few Silurian forms (as, for instance, 
Klcedenia kiesowi Krause), doubtless is closely allied to and probably 
evolved out of typical Klosdenia, Though distinguished chiefly bv 
the much greater inequality of its valves, the thick ventral edge of 
the right overlapping the smaller left valve, there are some peculiar 
differences in lobation also. In all the species there is a deep median 
furrow that, however, die^s out before reaching the middle of the 
valve. In Kyammodes kiesowi {Klmdenia kiesmvi Krause) the parts 
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'v'iGS. 52-60.— 52, 53. Right valve of Klcedenia wilckexsiana (Jones), x 8 (femau 

INDIVIDUAL), AND BEYRICHIA SALTER! ANA JONES, X 10, RESPECTIVELY, SHOWING THK 
RELATION OF KHEDENIA TO THE B. SALTERIANA GROUP. (AFTER JONES AND REUTIX^ 

54. Left side, end. and ventral views of complete carapace of Klcedenella piws- 
SYLVANiCA (Jones), x 15. (Copied from Jones.) 55, 56. Right and left valtes 
OF Kl(edenia nearpassi (Weller), X 6. (After Weller.) 57. 58. Left and bight 
valves, the latter a female form, of Kyammodes kiesowi (Krause), X 10- 
(AFTER Krause.) 59, 60. Left valve and anterior view of co-mplete carapace or 
Kyammodes whidbornei Jones, X 20. (Afier Jones.) The similarity of Kue- 
denia, Klcedenella, Kyammodes, and the Beyrichia salteriana group are shows 
in the above figures. 

of the valve are arranged almost regularly bilaterally with respect 
to this furrow, which separates two subequal, low nodes, each taking 
up about one-fifth the total length of the valve. The outer limits of 
these nodes are defined by shallower converging furrows, which iii 
turn set off another matching pair of similarly curving low^ ridges 
In /r. whidborne!, the type of the genus, the lobes are both less regular 
and less constant in their development, the posterior median lobe, 
which corresponds to the median lobe of Klondenia^ being especially 
variable. As a rule it is smaller and set farther down than the antero- 
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median one, and, furthermore, tends to merge with the post-dorsal 
node. 

The type of the genus Kloedenia^ K, irilckenmina^ occupies an inter- 
mediate position between two sections into which the genus is 
divisible. One of these sections, the smaller, includes, with the geno- 
type, most of the European species, while all the known American 
forms fall into the second. The first section is characterized by a 
tendency to produce and to attenuate the anterior extremity and to 
develop on this part one or two accessory furrows. In consequence 
the outline of the valves is more or less triangular and comparatively 
elongate. In the American section of the genus the valves are usually 
shorter, the ends approximately equal and the anterior one without 
distinct furrows. 

Of American species, K, oculina (Hall) and K, notata (Hall) 
probably are to l)e regarded as nearest to K, wilrkemiana. It is cer- 
tain at least that they are congeneric, and it seems no less a fact that 
these species belong to the same genus as those constituting the pre- 
vailing American type of Beyrichiidae found in the late Silurian 
Manlius and Coeymans, members of Hall's Lower Helderberg group. 
The writers therefore feel little hesitancy in revising and restricting 
the genus as indicated above. The elimination of the /i. pennsyl- 
vanira gi'oup is the most important departure from Jones's later 
conception of Klcedenia. Another is the inclusion of certain species, 
like /i. tubercdlata (Salter), which he had left with Bei/nr/na, 
indeed, in the case mentioned, as a variety of B, Mmleni. Speaking 
of K. tubereidata^ it is worth noting that this is one of the very few 
European Beyrichiidae that is represented in America by a form so 
nearly like Scandinavian specimens that a specific distinction is 
scarcely justified. Hall called the American variety Beyrlchia 
grannlata. 

Except the two Ordovician species, /i . pnenuntia^ new species, 
and K. initialise and the Chemung species, /i. simpler^ all of which, 
though doubtless possessing the essential features of the genus, ai*c 
yet referred here with some misgivings, the genus Kloedenia is con- 
fined to Silurian rocks. In its typical expression, indeed, the genus 
might be regarded as one of the most characteristic fossils of this sys- 
tem. In America there are numerous, in part undescribed species. 
By far the greater number of these are found in the upper parts of 
the Silurian and principally in the Manlius and Coeymans lime- 
.•^ones. So far none has been seen in the overlying New Scotland 
formation. It is interesting and important to note further that all 
the known species are confined to Appalachian and more eastern 
Atlantic provinces, the genus apparently having failed to gain a 
foothold in the interior Ohioan Province. 

The new species figured on Plate XXXVIII are only a part of 
those determined during the course of the present studies. 
Proc. N. M. vol. XXXV — 08 20 
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Genus TETRADELLA Ulrich. 

Tetradeila Ulrich, Jour. Cincinnati Soc. Nat. Hist., XIII, 1890, pp. 112- 

114. 
Tetradeila Miller, North Amer. Geol. and Pal., First App., 1892, p. 711. 
Tetradeila Ulrich, Geol. and Nat. Hist. Surv. Minnesota, Final Rept, III, 

Pt. 2, 1894, p. 677. 
Beyrichia (part) of Authors. 

Based on Tetradeila quadrilirata^ the genotype, and drawn up so 
as to include the subjoined list of unquestioned species, this genus 
may be characterized as follows : 

Carapace small, 1 mm. to 2 mm. long, equivalved, never tumid. 
somewhat oblong, varying from subquadrate to subovate, with the 
hinge line straight. Valves depressed-convex, deeply trisulcate, the 
furrows separating four more or less sharply elevated ridges. As a 
rule the ridges connect ventrally, but are quite distinct at their 
dorsal extremities, the result being a semielliptical submarginal ridge 
with two simple or double, equal or unequal, and less curved ridges 
within the inclosed space. These inner ridges commonly unite with 
the ventral part of the marginal ridge and extend upward from it 
toward the dorsal edge, the posterior one often failing to reach it. 
Free margins usually with a simple flattened border, which in certain i 
cases extends beyond and conceals thickened contact edges. Surface | 
of valves usually smooth, occasionally minutely granose. \ 

All of the species of Tetradeila and of the new subgenus Kieio- ! 
wia^ a list of which follows, are derived from Ordovician strata. 
LIST OF SPECIES OF TETRADELLA. . 

Tetradeila ? afflnia {Beyrichia affinis Jones). 

Tetradeila hohcmica {Beyrichia hohemica Barrande MSS. Jones). 

Tetradeila bussacensis {Beyrichia bussacensia Jones). 

Tetradeila carinata {Beyrichia carinata Krause). 

Tetradeila complicata {Beyrichia compHcata Salter). 

Tetradeila complicata decorata {Beyrichia complicata, var. decontt 
Jones). 

Tetradeila ? digitata Krause {Beyrichia digitata Krause). 

Tetradeila ? digitata separata {Beyrichia digitata, var. separata Steos- 
loff). 

Tetradeila {Kiesotoia) dissect a {Beyrichia dissecta Krause). 

Tetradeila ? erratica {Beyrichia erratica Krause). 

Tetradeila harpa {Beyricha harpa Krause). 

Tetradeila ? lacunata {Beyrichia lacunata Jones and HoU). 

Tetradeila lunatifera^ {Strepula lunatifera Ulrich). 

Tetradeila {Kiesowia) mamillosa {Beyrichia mamillosa Krause). 

Tetradeila marchica {Beyrichia marchica Krause). 

Tetradeila marchica angustata {Beyrichia marchica, var. angustatt 
Krause). 

Tetradeila marchica lata {Beyrichia marchica, var. lata Krause). 

Tetradeila palmata {Beyrichia palmaia Krause). 



« American species. 
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Tetradella quadrUirata^ {Beyrichia quadrilirata Hall and Whitfield). 
Tetradella {Kiesotcia) radians (Beyrichia radians Krause). 
Tetradella riheiriana (Beyrichia ribeiriana Jones). 
Tetradella simplex^ (Tetradella quadrilirata yixt, simplex Ulrieh). 
Tetradella subquadrans ^ Ulrlch. 

In the original description of the genus ^ the species subsequently 
distinguished as Ceratopsis^ were included. In 1889^ the typical 
sp>ecies was erroneously referred to Strepula Jones and HoU. In 
1894,« when the revised description of Tetradella was published, cer- 
tain European species were referred to the genus, which it is now 
thought advisable to view as dotibtful or to place elsewhere. Thus, 
T. signata Krause, as mentioned on page 295, is now referred to 
Sieuslofjia^ a proposed subgenus of Beyrichia. T. {Beyrichia) er- 
ratica Krause may belong to the same subgenus, but it is preferred 
to regard it provisionally as questionable, because, with the evidence 
available to the writers, it is impossible to decide that it is not a 
Strepula rather than a Tetradella or a Steusloffia. T. {Beyrichia) 
lacunata Jones may be a degenerated species of the genus, but in the 
absence of satisfactory specimens it should be placed as doubtful. 
T. {Beyrichia) a^nis Jones also is doubtful, and the same is true of 
T. {Beyrichia) digitata Krause. Of the species there designated as 
" somewhat doubtful upper Silurian representatives," B. nodulosa is 
returned to Beyrichia^ but B, dissecta Krause, B. radians Kiesow, and 
B. inaTnillosa Krause must be removed or continue to be regarded as 
questionable. The dissection of the lobes in the latter two is some- 
what similar to what occurs in Beyrichia of the group of B. tuhe^^cu- 
lata (see page 289). Critically compared, however, the breaking up 
of the lobes is not exactly the same. No Tetradella could be dissected 
so as to look like B. tuherculata or any of its immediate allies; but 
if the vertical part of the ridges of, say, Tetradella suhquadrata^ were 
divided transversely and the furrows were extended ventrally through 
the marginal ridge, the result would be, in every essential respect, 
precisely as in B. dissecta. The size of the valves also accords much 
better with the average for Tetradella than for Beyrichia. Under 
the circumstances, a separation from both Beyrichia and Tetradella 
is suggested, but should it be decided, as the writers believe, that the 
two species were derived from Tetradella^ the demands of classifica- 
tion might very well be satisfied by subgeneric discrimination. The 
name Kiesowia is proposed, with Beyrichia dissecta Krause as the 
type of the new genus or subgenus. 

<> American species. 

ft Jour. Cincinnati Soc. Nat. Hist., XIII, 1890, p. 112. 

Tlrieh, Geol. and Nat. Hist Surv. Minnesota, Final Kept., Ill, Ft. 2, 1894, 
p. 675. 

' Ulrlch, Geol. Surv. Canada, Cont. Micro-Pal., Pt. 2, 1889, p. 54. 

*» Ulrieh, Geol. and Nat. Hist. Surv. Minnesota, Final Rept, III, Pt. 2, 1894, 
p. 677. 



Digitized 



by Google 



308 PROCEEDINGS OF THE NATIONAL MUSEUM. volxxxt. 

Genus CERATOPSIS Ulrich. 

Ceratella Ulrich, Jour. Cincinnati Soc. Nat. Hist, XIII, 1890, p. 113 (not 

established). 
Ceratopsis Ulrich, Geol. and Nat. Hist. Surv. Minnesota, Final RepU III, 

Pt. 2, 1894, p. 675. 
Beyrichia (part) of Authors. 

Carapace essentially as in Tetradella except that the post-dorsal 
end of the marginal ridge is raised into a strong, spine-like, or a 
mushroom-shaped process, which is commonly beaded or fimbriated 
along one edge or around the flattened top. Free edges of carapace 
blunt, the contact line between the two valves concealed by well- 
develojjed false borders. 

Genotype, — Ceratopsis chambersi {Beyrichia chambersi Miller). 

This genus stands to-day in essentially the same position given 
it in the original definition. The species referred to it then are still 
retained, and few new species or varieties of the genus have been 
discovered in the past fourteen years. Among the specimens then re- 
ferred to the genotype several minor varieties might have been dis- 
tinguished, but the propriety of doing so was not appreciated at the 
time. At least one, and probably two, of these varieties seem to be 
confined to diflFerent stratigraphic horizons. Their discrimination, 
therefore, in a subordinate degree might be desirable on this account 
alone. However, as the prime object of this paper i« to discuss 
generic rather than specific and minor variations, it is thought ad- 
visable to defer such matters to a time when it will be possible to treat 
the subject monographically. 

In addition to C. chambersi^ the genus includes C, robusta Ulrich, 
C. intei^media Ulrich, C, oculifera Hall, all American upper Ordovi- 
cian species, and C. hastata {Beyrichia hastata Barrande), a Bohe- , 
mian species of similar age. Beyrichia rostrata Krause, from I 
Ordovician drift in northern Germany, seems referable to Ceratopm | 
rather than Tetradelhi, The same is to be said of Beyrichia quad- \ 
rifida^ described by Jones as from the " Trenton " at Lorette Fall?. ! 
Canada. In the figured specimen of the latter the horn is evidently 
broken away. In the former, providing Krause's figures represent 
the species fully and accurately, the horn is not so well developed a.^ 
in the Cincinnati species. Assuming that the last two are correctly 
understood, then the genus, as at present known, comprises seven spe- 
cies, ranging in time from about Black River to the close of the 
Ordovician. Apparently the stock became extinct with the close of 
this period. 
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Genus CTENOBOLBINA Ulrich. 

CtenoJMmna Ulbich, Jour. Cincinnati Soc. Nat. Hist. XIII, 1890, p. 108. 
Ctenoholhina Miller, North Amcr. Geol. and Pal., First App., 1892, p. 700. 
Bollia (part) Kbause, Zeits. d. d. geol. Gesell., XLIV, 1892, p. 392. 
Entomis (part) Steusloff, Zeits. d. d. geol. Gesell., XLVI, 1894, p. 780. 
Ctenoholhina Ulrich, Geol. and Nat. Hist. Surv. Minnesota. Final Kept., Ill, 

Pt. 2, 1894, p. 673. 
Ctenoholhina Grabau, Bull. Buffalo Soc. Nat. Sci., VI, 1899, p. 309. 
Ctenoholhina Ulrich, Jour. Cincinnati Soc. Nat. Hist., XIX, 1900, p. 180. 
BeyHchia (part) of Authors. 

Carapace small, usually less than 2 mm. in length, subquadrate or 
subovate in outline, the hinge line long and straight; posterior two- 
fifths more or less decidedly bulbous or subglobular in the typical 
section of the genus, but in the C. suhcrassa section the corresponding 
parts of the carapace are smaller and usually of lesser thickness than 
certain portions in front of it. In the latter section a small node (the 
homologue of the median lobe of Beyrichia) is sometimes distinguish- 
able on the inner slope of the posterior lobe. One deep, long, narrow, 
generally curved and more or less oblique sulcus extends from tfle 
middle of the dorsal edge toward the post-ventral angle, occasionally 
reaching the border. Area in front of median sulcus either simply 
convex or divided by a shallower furrow usually paralleling the main 
sulcus. Valves equal, the free edges thick, the contact margins 
generally concealed, partly or wholly, in a lateral view, by a vari- 
ously modified overhanging border. Surface granulose, smooth, or 
punctate. 

Genotype. — Ctenoholbina ciliata {Beyrichia ciliata Emmons). 

Since 1890, when this genus was first described, Ulrich has on two 
occasions (both cited above) added to the list of species originally 
referred to the genus. Recent studies of the family have convinced 
the writers that a good part of these later additions represents, as 
indicated on page 295, atavistic Devonian stages in the development 
and decadence of the predominating Silurian phase of the family. 
Admitting this as probably true, it is thought desirable and of 
distinct advantage in classification to remove these species from 
Ctenobolbina and to refer them, together with a few species hitherto 
placed with Beyrichia and Bollia^ to a new genus for which the name 
Eollina is proposed on a following page. 

Even after the elimination of this peculiar Devonian group, the 
remaining species fall into two easily distinguishable subgenera or 
sections of the genus. The first of these two groups includes C, 
eUiatq and its immediate Ordovician allies — all of them with a 
granulose surface ornament — one early Trenton, one Silurian species 
with finely reticulate surface, one Helderbergian, and one middle 
Devonian papillose species. This section is characterized by the 



Digitized 



by Google 



810 PROCEEDINGS OF THE NATIONAL MUSEUM. voi. xxxr. 

thick, bulb-like form of the posterior lobe, which single swelling 
comprises both the median and the posterior lobe of a true Beyrichia^ 
and by its surface ornament. The second group consists of species 
without surface ornamentation and whose average sijse is inferior to 
that of the first group. The posterior lobe is smaller and commonly 
exhibits a tendency to segregate a small node or undefined swelling 
on its inner slope that doubtless represents the larger and more 
definitely separated median lobe of Beyrichia, So far this section 
is known by seven Ordovician species, one Silurian, one Devonian, 
and one early Mississippian species. It seems probable that the two 
Ordovician forms described by Krause as Bollia minor and Bollia 
major ^ are also referable to this section. They are .most certainly 
not true BoUias. 

As now restricted and defined, Ctenoholhina. includes the following 
species : 

GROUP OF CTENOBOLBINA CILIATA. 

OBDOVICIAN SPECIES. 

Ctenobolbin^i alaia ^ Ulrlch. 

Ctenoholhina bispinoaa ^ Ulrlch. 

Ctenoholhina dliata^ {Beyrichia ciliata Emmons). 

Ctenoholhina curta^ {Ctenoholhina ciliata^ var. curta Ulrlch). 

Ctenoholhina duryi^ {Beyrichia duryi Miller). 

Ctenoholhina emaciata^ {Ctenoholhina ciliata, var. emaciata Ulrlch). 

Ctenoholhina guillieri {Beyrichia guUlieri Tromelln). 

Ctenoholhina hammelli^ {Beyrichia hafnmelH Miller and Faber). 

Ctenoholhina ohliqua ^ Ulrlch. 

Ctenoholhina ohlonga {Entomis ohlonga Steusloff). 

SILURIAN SPECIES. 

ctenoholhina granosa ^ Ulrlch. 
Ctenoholhina punctata * Ulrlch. 

DEVONIAN SPECIES. 

ctenoholhina papulosa ^ Ulrlch. 

GROUP OF CTEKOBOLBINA SUBCRASSA. 

ORDOVICIAN SPECIES. 

Ctenoholhina crassa * Ulrlch. 

Ctenoholhina fulcra ta * Ulrlch. 

Ctenoholhina impressa {Entomis impreasa Steusloff). 

Ctenoholhina major {Bollia m^jor Krause). 

Ctenoholhina minor {Bollia minor Krause). 

Ctenoholhina suhcrasfta * Ulrlch. 

Ctenoholhina umhonaia^ {Entomis umhonata Steusloff). 

« Zelts. d. d. geol. Gesell., XLIV, 1892, pp. 391, 392, pi. xxi, figs. 15, 18. 
* American species. 
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BILUBIAN SPECIES. 

Ctenobolhina auricularU {Bollia auricularis Jones). 

DEVONIAN SPECIES. 

Ctenobolbina minima ^ Ulrich. 

MISSISSIPPI AN SPECIES. 

Ctenobolhina loculata « Ulrich. 

Krause ^ and Steusloff ^ have described and referred a number of 
unisulcate Ordovieian species to Entomis, This arrangement of the 
species is probably incorrect, the present writers doubting even that 
the typical Entomidae are Ostracoda at all. Krause's and Steusloff's 
cntomids, on the contrary, seem to be closely allied to Ctenobolhina^ 
and, in part at least, congeneric with species referred to this genus. 
Others like Krause's E. sigma and E. ohliqua are so completely bi- 
lobed as to suggest Dilobella. Pending an opportunity to study speci- 
mens of all these species, those not elsewhere referred in this work 
may be provisionally left where their authors placed them. 

As stated on page 290, Ctenobolhina tumida Ulrich ** (see fig. 24, 
p. 292) is now thought to be a peculiar Beyrichia and to have no very 
intimate relations to the typical species of Ctenobolhina, Indeed, 
the bulbous end of the carapace in B. tumida is regarded as anterior, 
whereas in C. cUiata the thicker end is posterior. Hence, if the spe- 
cies is allied to Ctenobolhina at all, it must be to the C, subcrassa 
section and not to the typical section of the genus. 

The genetic alliance of Ctenobolhina to Beyrichia (more especially 
to the subgenus Steusloifia) has been discussed on pages 296 to 299. 

Genus DRKPANELLA Ulrich. 

Depranella TJlbich, Jour. Cincinnati Soc. Nat. Hist., XIII, 1890, pp. 

117, 118. 
Depranella Miller, North Amer. Geol. and Pal., First App., 18©2, p. 707. 
Drepanella (part) Ulrich, Geol. and Nat. Hist. Surv. Minnesota, Final 

Kept., Ill, Pt. 2, 1894, p. 670. 

Carapace equivalves, usually about 2.5 mm. long, compressed con- 
vex, somewhat oblong, subquadrate to subelliptical in outline ; dorsal 
edge straight, ventral side gently convex, ends subequal, the post- 
dorsal angle sharper than the anterior. A constant sickle-shaped, 
sharply defined ridge runs nearly parallel with and generally not far 
within the posterior and ventral edges of the valves. Central and 

" American si^ecies. 

*Zelta d. d. geol. Gesell., XLIV, 1802, pp. 383-399; XLVIII, 1896, p. 935. 

<^Idem, XLVI, 1804, p. 777. 

* Jour. Cincinnati Soc. Nat. Hist.. XIII, 1890, p. Ill, pi. vii, figs. 5a, 5b. 
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dorsal regions with two to seven nodes, the larger numbers resulting 
through dissection of the primary two. When only two, they mav 
form a loop by union of their ventral parts. Surface smooth or 
coarsely reticulated. 

Genotype. — Drepanella crassinoda Ulrich. Other species referretl 
here, all of Ordovician age, are: D. ampla Ulrich, D. higeneris Ul- 
rich, D. crassinoda nitida Ulrich, D. elongata Ulrich, D, macra 
Ulrich, D. riehardsoni {Beyrichia richardsoni Miller) and D. lich- 
ardsoni canadenms Ulrich. 

This apparently wholly American genus is remarkable for the ex- 
treme variability of the nodes within the central area of the valves. 
The binodose D. ampla probably represents the most simple t\^pe. 
From this we pass to D. elongata^ with its ventrally fuller valves anJ 
Kloedenia-like reduction and disposition of the nodes. There is a de- 
pression or sulcus between the nodes in this species. A similar de- 
pression of the surface outside of the nodes, without a reduction in 
altitude of the nodes and the lower boundary of the median sulcus, 
would result in a form essentially like D. higeneris^ which is strik- 
ingly like a Bollia. In D. macra^ D. crassinoda^ and D. nitida the 
nodes range in number from three in the first to seven in the last. A 
comparison of the nodes of these three species established beyond 
question that the larger numbers are produced by dissection. Indeed, 
the seven nodes of D. nitida are all indicated by corresponding wholly 
or partially separated nodes in D. crassinoda^ and the corresponding 
parts are no less easily recognized in D. macra. 

The only constant features of Drepanella are the sickle-shaped 
submarginal ridge, and, within reasonable bounds, the size of the 
carapace. In other respects the species are sometimes highly sufi^- 
gestive of in part probably very distinct contemporary and later 
genera. Thus, as stated on page 303, D. elongata might be classed as 
a Klcedenia if it had not tho cliaracteristic, submarginal ridge, while 
it is really difficult to point out sufficient reasons for excluding d, 
higeneris from Bollia. But Drepanella is an old genus — probably 
the oldest of the true rigid Beyrichiidse — ^liaving been already well 
established in the Stones River epoch. These diverse resemblances 
may, therefore, be explained as synthetic vacillations of an ancient 
type prior to the fixation of generic characters marking later devel- 
opmental stages within the family. The sickle-shaped ridge, how- 
ever, was a fixed character and doubtless left its imprint in the his- 
tory of the family. It is, therefore, not surprising that in the de- 
cadence of the main Silurian genus Beyrichia this ridge is again 
occasionally recognized. It is well shown, for instance, in the pe- 
culiar Devonian descendant of Beyrichia^ Hollina kolmodini (Jones). 

The probable relations of Drepanella to Beyrichia^ especially to 
the tnherculata and the da rata sections, have been sufficiently dis- 
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cussed on pages 289 and 294. It is a remarkable fact that these two 
alliances are more obvious and apparently more intimate than are 
those between Drepanella and such nearly equally old genera as 
Ctenoholhina and Tetradella, There is so little evidence of transition 
between them that derivation of either of the latter from the first, 
or of the first from either of the latter, seems out of the question. 
Though it is highly probable that all three were derived out of the 
same stock — presumably Primitia — it seems certain that the de- 
partures from that primitive line were entirely independent and in 
all cases rapid. Indeed, Primitia itself, which contains the oldest 
of the distinctly furrowed Ostracoda, does not, geologically speaking, 
greatly antedate Drepanella. The Cambrian seems to contain no 
Ostracoda at all," the oldest know^n representatives of the class being 
Ijeperditiidse, found in rocks of Beekmantown age. The Primitiidee 
aitd Beyrichiidae did not appear till post-Beekmantown. 

The species described in 1894 by Ulrich as Drepanella hilater- 

alis^ is so peculiar that it seems unwise to continue listing it as a 

species of this genus. Though exhibiting a general resemblance to D, 

crassinoda^ it seems on closer comparison that the surface lobation 

is really very different. In the first place, the marginal ridge is 

developed only along the ventral border, terminating abruptly on 

both sides, when it begins to turn up on the ends. Next the nodes 

bove the ridge do not correlate satisfactorily with those of any of 

the other species. There is a bilateral symmetry in their form and 

arrangement with respect to the small mid-dorsal node that can not 

be duplicated in typical Drepanella^ nor readily explained. The 

explanations occurring to the writers entail departures from that 

generic type of such importance that the removal of the species from 

Drepanella seems imperative. If the posterior node is assumed to 

be in j^art made up of the post-dorsal portion of the marginal ridge, 

then its inner part must represent the lower two-thirds of the trino- 

date post-median ridge of D. crassinoda and the mid-dorsal node the 

upper third of that ridge. According to another interpretation the 

mid-dorsal node of D, hilateralis would correspond to the dorsal 

part of the antero-median node of D. crassinoda and the main but 

antero-median node, together with the crescentic ridge beneath it and 

the small antero-dorsal node in the latter. In either case it would 

mean that the mid-dorsal node occupies a different position from the 

corresponding part of typical Drepanella; also modification of the 

posterior lobes scarcely compatible with a strict conception of 

"A comprehensive study of the supposed Cambrian Ostracoda recently com- 
pleted has led to the conviction that these are Phyllocarlda and not Ostracoda. 

^Geol. and Nat. Hist. Surv. Minnesota, Final Rept., Ill, Pt. 2, 1K94, p. 671, 
pl. XLVi, figs. 35-38. 
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Drepanella. Under the circumstances the writers feel justified in 
proposing a new genus, with the following brief diagnosis. 

Genus SCOFIELDIA, new. 

Drepanella (part) Ulbich, Geol. and Nat Hist. Snir. Minnesota, Final 
Kept, III, Pt. 2, 1894, p. 670. 

Carapace 2 mm. to 3 mm. in length, oblong, subquadrate, com- 
pressed ; surface of valves broken up into ridges and nodes arranged 
bilaterally with respect to a small node situated close to the middle 
of the straight hinge line ; on either side a large, irregularly triangu- 
lar, ridged node, and along the ventral edge a thick, sharply elevated, 
bar-like ridge. 

Genotype, — Scofieldia hilateralia {Drepanella bilateralis Ulrich). 

The generic name is given in remembrance of Mr. Wilbur H. Sco- 
field, with whom the senior author was pleasantly associated in liie 
study of the Ordovician Gastropoda of Minnesota. 

Genus TREPOSELLA, new. 

Beyrichia (part) Ulrich, Journ. Cincinnati Soc. Nat. FTlBt., XITI, 1891. 
p. 190. 

Carapace small, about 1 mm. in length, semiovate or subquadrate, 
the hinge long and straight, the other margins curved and supplied 
with a radially striated frill. Ventral part of valves swollen, the 
fullness forming a low, not sharply defined longitudinal ridge. Just 
above this, two unequal nodes, the smaller being of hemispheric form 
and located just behind the center of the valve. The larger node is 
somewhat balloon-shaped, situated in front of the middle, connected 
to the ventral ridge by a narrow neck, from which it extends upward 
to or slightly beyond the dorsal edge. Between the two nodes, a 
narrow, sharply excavated sulcus, terminating below in a pit. Fe- 
male ( ? ) provided with a sharply defined, egg-shaped, ventral pouch, 
located practically midway between the ends. 

Genoti/pe. — Treposella lyoni {Beyrichia lyoni Ulrich). 

This genus is proposed for the reception of what is supposed to be 
an important link in the evolution of Hollina from Beyrichia. The 
female is still provided with a ventral pouch, but it is essentially 
median in position, while in all true Beyrichise it is placed well be- 
hind the mid-length. The anterior lobe also is essentially as in 
Beyrichia^ but the indefinite ventral swelling is suggestive of Klce- 
denia rather than Beyrichia, Compared further with Beyrichia^ the 
entire obsolescence of the posterior ridge of that genus in Treposella 
is perhaps the most striking difference. The presence of a sharply 
defined median pit, as in Eurychilina and other Primitiidse, is prob- 
ably a reversion to ancestral characteristics. 
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Except the ventral pouch, all the above-mentioned departures from 
the typical Silurian Beyrichifie are toward the new Devonian and Car- 
boniferous genus HoUina. Indeed, were it not that T. lyoni still 
possesses the Beyrichian ventral pouch, the writers would undoubt- 
edly have referred the species to HolUna. But, having a pouch, and 
being also in other features nearer Beyrichia than is any one of the 
species of HoUina^ the intermediate position of T. lyoni seems as- 
sured. As its inclusion in either of these genera would introduce 
undesirable elements of imcertainty in their respective diagnoses, it 
has been thought advisable to give it and any other similar species 
that may be discovered an independent position. 

Genus HOLL.INA, new. 

CttnioholUna (part) Ulbtch, Jour. Cincinnati Soc. Nat. Hist., XIII, 1891, 

p. 187; XIX, 1900, p. 182. 
Beyrichia (part) Jones, Quart. Jour. Geol. Soc. London, XLVI, 1890, p. 

538.— Ulbich, Jour. Cincinnati Soc. Nat. Hist, XIII, 1891,. p. 189. 
BoUia (part) Ulbich, Jour. Cincinnati Soc. Nat. Hist., XIII, 1891, p. 205. 

Carapace elongate, produced and tapering somewhat anteriorly, 
essentially equivalved. Valves provided with a marginal frill, con- 
cave on the inner side, overhanging the contact edge, often wanting 
at the anterior end. Except for two constant rounded nodes, the 
lobation of the surface varies greatly. One of the constant nodes is 
situated close to and partly in front of the middle of the hinge line ; 
the other, usually the smaller, is placed lower and more or less be- 
hind the center of the valve. Occasionally the hollow between these 
two nodes is excavated. In most species there is a continuous or 
broken ridge in the ventral part; in one {II, kolmodird) this ridge 
continues up the hinder end to the dorsal angle, in others (ZT. insole^is 
and H. tricollina) the post-dorsal extremity remains prominent and 
forms a rounded node, the remainder of the ridge being dissected 
and tending to obsolescence : in two other species {H. granifera and 
H, anteapinosa) the ventral ridge joins the two constant nodes, the 
result, being a loop as in Bollia. Finally, in a later stage (as, foj 
instance, H. radiata) the ventral ridge is obsolete and only two 
rounded nodes remain. Occasionally an extra node is developed near 
the anterior margin. A ventral pouch, as in Beyrichia^ has not been 
observed. 

Genotype. — HoUina insolent {CtenohoTbina insolens TJlrich). 
Seven other middle Devonian species and four Carboniferous species 
are referred here as follows : H. antespinosa^ .77. armata, II, cavimar- 
ginatuj H. informis^ H, apicvlosa^ all described by Ulrich as species 
of Ctenobolhina^ and H. kolmodini and ZT. tricollina^ originally re- 
fered to Beyrichia^ the first by Jones, the second by Ulrich. The 
Carboniferous species are H. granifera^ a Spergen species described 
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as a Bollia by Ulrich, II. radiata {Beyrichia radiata Jones and 
Kirkby ) , variety cestriensia Ulrich, H. longispina {Beyrichia lonffis- 
pina Jones and Kirkby), and H. emaciata {Beyrichia ? emaciata 
. Ulrich and Bassler). 

Comparison of the figures on Plate XLII gives a good idipa of the 
unusual range of variability of the species associated in this new 
genus. On closer study, however, strong elements of similarity will 
be noted running through the whole assemblage, the observer being 
finally convinced of the essential naturalness of the association. 
It is not contended that the group is natural in the sense of being 
composed of species descended from a single ancestor. On the con- 
trary, it is believed they were derived from perhaps several preced- 
ing species of Beyrichia and possibly Ctenoholbina^ and that the 
singularities resulted through atavistic tendencies developed in the 
Devonian decadence of the Silurian Beyrichiidce. 

The Devonian species of the genus may be regarded as vacillating 
intermediate stages between the trilobate Silurian Beyrichia and the 
final, again long-lived, simply binodate Carboniferous phase of the 
new genus, namely, the small group of species of which II. radiata 
(Jones and Kirkby) is a typical example. Whereas most of the 
Devonian species occur at the Falls of the Ohio in a thin bed thought 
to be of Onondaga age, indicating rapid evolution, H. radiata ranges 
with very slight change from the Chester to near the close of the 
Pennsylvanian. 

Compared with true BeyHchia^ which has constantly three verti- 
cally elongated lobes, the new genus IloUina is distinguished (1) by 
the progressive obsolescence of the posterior lobe, (2) by the rounded 
form of the median and anterior nodes or lobes, (3) by the restric- 
tion of these nodes to the dorsal half of the valve, (4) by the rela- 
tive fullness of the ventral parts (agreeing in this respect with 
Klcodenia)^ and (5) by the constant development of an anteriorly 
incomplete marginal frill. . A probable sixth difference is indicated 
by the apparent absence of a ventral pouch. 

The fullness of the ventral region, also the rounded form of the 
median (posterior) node suggests even closer alliances with 
Klcedenia^ but the rather obvious relations of Ilollina to Treposella 
lyoni and the probable derivation of that species from Beyrichia 
tends to negative this suggestion. The Devonian species would never 
cause one to think of Klmdenia. It is only the more simple II. 
radiata group that might recall that Silurian genus. But these even 
will be distinguished at once by the anterior node, the like of which 
never occurs in Klwdenia. 

In a former paper,* the writers mention the possible desirability 
of including B. radiata and its immediate allies in Ulrichia. It is 

^ Proc. U. S. Nat. Mus., XXX, IJKK], p. 152. 
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now quite clear that such a course would be unwarrantable. Taking 
into account only this, that both have two constant and similarly 
placed nodes, the logical course would be to unite them. But if the 
apparently unquestionable derivation of II. radiata from the 
Devonian species of IlolUna is considered, the impropriety of the sug- 
gested reference cannot be ignored. Vlrichia is one of the Primi- 
tiidfe; Ilollina is a derivitive — presumably somewhat atavistic — of 
BeyrichiidsB. 

As is evident from several preceding references in the paper to 
Hollina^ the writers now regard the resemblance of certain species 
lo Ctenobolbina^ and of others to Bollia^ as atavistic stages in the 
Devonian and Mississippian evolution of the typical Beyrichian 
stock, and not as survivals of the generic types to which tfiey were 
originally referred. Ulrich placed most of the Devonian species 
under Ctenoholhina because of their general similarity in form, loca- 
tion, and range of variation to the C. subcrasaa group of that genus, 
while the later ZT. granifera was referred to Bollia solely because the 
ventral union of its two nodes forms a loop precisely like the inner 
loop of typical species of that genus. In neither case were the char- 
acters now relied on, such as the two constant rounded nodes and 
the broad frill on the posterior and ventral margins, taken into ac- 
count, and the genetic relations to Beyrichia^ though suspected, were 
not appreciated as they should have been. " Loops " strikingly like 
that in Bollia occur in other types. This was recognized by Ulrich 
in 1894 « in discussing Drepmiella higeneris^ a notable instance of 
this kind. 

Subfaixiily KLCEI>KlSriGLLIl>5-.aK. 

Genus KLCEDENELLA, new. 

Beyrichia (part) Jones and Authors. 
KlcBdenia (part) Jones, Ulrich, and most Authors. 

Bollia f (part) Ulrich, Geol. and Nat. Hist. Surv. Minnesota, Final Eept., 
Ill, Pt, 2, 1894, p. 669. 

Carapace small, strongly convex, elongate, somewhat barrel-shaped, 
the length usually less than 1.5 mm. ; dorsal edge nearly straight, ven- 
tral edge usually somewhat concave, ends approximately equal in 
height but differing in outline, the antero-dorsal angle often rectan- 
gular and always more distinct than the post-dorsal. Valves un- 
equal, the right overlapping the left around the ends and the ventral 
side. Of the lobation, the constant features are two sharply im- 
preased vertical or slightly oblique furrows, separated by a narrow 
lobe, in the posterior half. In the more simple forms, these furrows 
extend only about half across the valve. Anterior half may be uni- 
formly convex, but, as a rule, is more or less clearly bisected vertically 
by a straight or curved furrow. ^Vhen present, this anterior furrow 

• Geol. and Nat Hist. Surv. Minnesota, Final Kept., Ill, Pt. 2, 1894, p. 671. 
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often produces an appearance suggesting the "loop" of a BoUitL 
Surface generally smooth and polished, and without omamentil 
markings. 

Genotype. — Klmdenella pennsylvanica {Klmdenia pennsylvanm 
Jones) . 

Of unquestioned species of this genus, some eight or ten, two of 
them perhaps being merely varieties, are contained in the collections 
of the U. S. National Museum. These range in time from the Clin- 
ton to middle Devonian. A British Carboniferous species, published 
by Jones and Kirkby under the name Beyrichiaf hicaesa^ probably 
belongs to this genus. Except this and the two Devonian species, all 
the others are confined to the Silurian rocks of the Appalachian 
province. As a rule, the species are exceedingly prolific in the way 
of individuals, the layers of limestone in which they occur being 
almost literally made up of their remains. In most cases they occur 
as entire shells, which, being easily freed from the matrix, are admir- 
ably suited for detailed study. 

Only about half of the known forms have been described, and one 
of these (described as Beyrichia trisxdcata by Hall) has never been 
adequately figured. Klmdenia pennsylvanica^ as figured by Jones in 
1889 «, includes two distinct species and a variety, which are repre- 
sented by thousands of specimens in the material available to the 
Avriters. The form represented by Jones's figures 5a, 6, t?, rf, and 6 is 
accepted as the KlCRdenella pennsyhmnica. His figures 8 and 9 are 
regarded as based on examples of our K. turgida^ new species,*' while 
7a and 76 probably represent a variety of the latter, here distin- 
guished by the subordinate name rentroaa.'^ 

«Amer. Geol., IV, p. 341, figs. 5-1). 

^KlcBdeneUa turgida is distinguished from K, pennsylvanica, as here restricted, 
by the strong development of the anterior sulcus. This sulcus delimits a well- 
marked anterior lobe and produces a somewhat concentric arrangement of tlie 
lobes behind it, the effect being quite different from the usual appearance of 
K, pennsylvanica. 

Length of a normal right valve, 1.10 mm.; height, 0.64 mm.; length of a 
Hhort left valve, 0.97 mm.; height O.fJO mm. See Plate XLIII, figa 6, 7. 

Formation and locality. — Coeymans limestone, Cumberland, Maryland. 

Cofypc«.— Cat. No. 53278, U.S.N.M. 

^ This form is more like K. pennsylvanica than A', turgida in lobation of tlw 
valves, being without a well-marked anterior sulcus, but in the less elongate 
form and general asi)ect it is so like A', turgida that it has been placed as a 
variety of this species. Its main peculiarity lies in a ventral swelling which 
causes an apparent break in the autero^median lobe. The ventral flange is 
unusually well developed and the series of granules along the antero-ventral 
edge has not been observed in any other species of the genus. See Plate XLIII, 
fig. 8. 

Formation and locality, — Coeymans limestone, Cumberland, Maryland. 

Holotype.—Cfit. No. 53279. U.S.N.M. 
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The genus is divisable into two sections, the first comprising the 
greater part of the known species, among them the genotype. In this 
group the posterior and median furrows are shorter than in the sec- 
ond, and the anterior furrow either wanting or more or less well de- 
veloped. In the second group, of which Beyrichia halli Jones {Bol- 
lia halli Ulrich) is a good example, the posterior and anterior fur- 
rows are long, subequal, and extending nearly or quite across the 
valve. The general expression is rather strikingly dissimilar in the 
two groups, but on close comparison it is found that the differences 
are not essential and, moreover, that the extremes are bridged by 
connecting links. 

The Kiosdenella halli^ as it should now be called, simulates Bollia 
symmetrica (Hall) to such a degree as to suggest its derivation from 
that earlier Silurian (Eochester shale) species. The Bollia^ however, 
has not overlapping valves as has the Klwdenella. Besides, the lat- 
ter type appears to have been established already in Clinton time, 
indicating that its ancestors are to be looked for among Ordovician 




Pigs. 61-64. — 61. Left valve of Bollia symmetrica (Hall). 62. Right valve of 
Kl<edbnella halli (Jokes). Copied from Jones. 63. Right valve of Klcedexella 

TUBOIDA, NEW SPECIES. 64. RIGHT VALVE OF BbYRICHIA? PARALLELA ULRICH. X 20. 

(After Uleich.) These figures illustrate (1) the similarity of expression 
OF Bollia to Kloedenella, and (2) the possible derivation of Kloedenella from 
the Richmond species Beyrichia? parallela. 

species. Such a possible ancestor is found in the peculiar Richmond 
species described by Ulrich as Primitia or Beyrichia parallela. The 
gpneral form of the valves and the lobes are sufficiently like Klw- 
denella to encourage the belief that it fulfills the requirements of 
the case. It is to be regretted, however, that only separated valves 
of this Eichmond species are known, so that it is difficult, if not im- 
possible, to decide the question by showing agreement also in the 
matter of inequality of its valves. 

Because of the mentioned resemblance to Bollia^ Ulrich in 1894 
tentatively referred species of the K. halli section, including K. 
clarkei {Beyrichia clarkei Jones) and two new species, to Bollia. 
Although this reference is now thought to have been in error, it must 
be admitted that it is not easy to show just why the group was not 
descended from Bollia regularis and B, symmetrica. At that time 
the senior author had very few specimens of the type now discrim- 
inated under the name Kloedenella^ and K. halli and K. clarkei were 
known to him only from the rather indefinite figures and descriptions 
published by Jones, which neither showed nor mentioned the inequal- 
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it3' of their valves. Hence, he had had no opportunity to observe the 
principal evidence in the case, namely, the transition from A', penn- 
sylvanica to A', clarkei^ and the fact that while the valves of Bollhi 
are equal, those of Klcedenella are unequal. In passing, it may be 
said that Bollia is regarded as an early derivative of PinviUm^ that 
it established an independent line having no subsequent connection 
with the true Beyrichiidee and that it represents the most complex 
stage of lobation attained by the Primitiidce. 

The Kloedenellinse are Beyrichiidae with valves more or less dis- 
tinctly overlapping. As a rule, the overlap is confined to the ventral 
side and ends. Beyrichiopsis Jones and Kirkby, Beyrichiella Jones 
and Kirkby, Jonesina^ and Kirkbyina^ new genera, are referred to 
the subfamily. Technically Kyammodes Jones fulfills the require- 
ments, but, being convinced of the genetic alliance of that genus to 
Klcedenia^ the writers hesitate to remove it from the Beryrichiida?. 

CARBONIFEROUS BBYRICHIID^. 

Two j^ears ago,^ the writers had occasion to discuss the Carbonifer- 
ous Beyrichiida?. Among the conclusions were (1) that the group of 
Beyrichia radiata is worthy of generic separation, a view carried out 
in the present communication by the erection of the new genus Hoi- 
Una; (2) that the remaining, inequivalved Beyrichiidse, including 
Beyrichiopais^ Beyrichiella^ and Synaphe^ of Jones and Kirkby, 
besides a number of species referred by these authors to Beyrichia^ 
probably constituted a single comprehensive genus; (3) that Synaphc 
should be relegated to synonymy under Beyrichiella; and (4) that 
two subgenera might be recognized, of which Beyrichiopsis would 
be one. Similar conclusions were reached in the present more com- 
prehensive study of the family, the principal difference being that 
Beynchiopsis and Beyrichiella are recognized as genera, and a new 
genus, Jonesina^ is proposed instead of " a second subgenus." 
Finally, a fourth genus, Kirkhyina^ is proposed for two species 
doubtfully referred to Beynchiella by Jones and Kirkby, and which 
were not considered in 1900. 

«A new variety of A^. clarkci is here instituted under the name of jtanpera of 
which the following are the characteristics: The valves and the ridges es{>e- 
cially are thinner than in the species itself, giving the whole a somewhat 
emaciated appearance. Furthermore, the furrows present somewhat irr^ularly 
distributed but numerous papillae which have not been observed in the typical 
form of the species. See Plate XLIII, fig. 5. 

Formation and locality. — Coeymans limestone, Cumberland, Maryland. 

Holotypc— Cat. Xo. 53280. I'.S.N.M. 

^ Proc. U. S. Nat. Mus., XXX, 1900, pp. 151-155. 



Digitized 



by Google 



NO. 1646. REVISION OF BEYRWUIID.E—VLRKH AND BAHSiLER. 321 

Considerable instability of character in these inequivalved Bey- 
richiidse was recognized in the preceding publication; also the fact 
that many of them exhibited more or less obvious resemblances to 
Ordovician and Silurian types. These facts were explained as result- 
ing from reversion and arrested development incident to the degen- 
eration and extinction of the family in Carboniferous time. 

In now recognizing four genera instead of a single broad genus, 
it is not intended to convey the impression that the writers have 
materially changed their opinions respecting the close alliance of 
the several groups. Neither are the groups of species thought to be 
more natural genetic associations than they were believed to be in 
1906. It is only in deference to the matter of convenience in classifi- 
cation, and to insure greater clearness and brevity in definition, that 
the change from one to four is made. Considering them as one genus, 
it seemed impossible to draw up a reasonably brief diagnosis that 
would not cover a variety of really very distinct pre-Carboniferous 
types. Though it can not be denied that the whole group is bound 
together by intimate alliances, it is yet a fact that but a single feature 
of generic or family rank pertains to all its members, namely, slight 
inequality of the valves. But this feature, of course, is not peculiar 
to this group, since it occurs in many otherwise very different Ostra- 
coda. By dividing the group into four genera and using the feature 
common to them all as characterizing a subfamily of Beyrichiidse, 
the resulting classification is at least convenient and probably as 
natural as it can be made so long as established characters are con- 
sulted as not less important than genesis in the forming of zoological 
classifications. 

In the present arrangement of the Carboniferous Kloedeniellinee, 
all of the British species described by Jones and Kirkby are ac- 
counted for save Beyrichia tuherculospinosa^ B. multiloha^ and B. 
varicosa. The published figures of these three species * indicate pecu- 
liarities, the value of which it would be unwise to decide without first 
verifying them by study of good specimens. Until that is dcme, it is 
advisable to leave them in the still large residuum of undetermined 
and doubtful species of Beyrichia, In the meantime it may be said 
that B. multiloba and B. varicosa would have been placed with 
Jonen*ia were it not that in botji cases, as figured by Jones and 
Kirkby, the left instead of the right valve is the smaller. In this 
respect the two species agree with Klosdenella. The figures of B. 
tubereulospina are indecisive on this point, and the most that may 
be said of this species at the present time is to suggest that it may 
be an aberrant Hollina and as probably related to H. longispina, 

"Jones and Kirkby, Ann. and Mag. Nat. Hist. (5), XVIII, 1886, pi. viii, 
Proc. N. M. vol. XXXV— 08 21 
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Beginning with the most simple type, the genera may be defined 
briefly as follows : 

Genus KIRKBYINA, new. 

Beprichiella f Jones and Kibkby, Ann. and Mag. Nat. Hist. (5), XVIIL 
1886, p. 260. 

Carapace small, less than 1 mm. in length, rather short, subovate to 
subquadrate, ventricose, thickest anteriorly, with a simple priraitun 
sulcus about the middle of the dorsal half . Valves unequal, the right 
slightly larger and overlapping the edges of the left. 

Genotype. — Kirkhyina reticosa {Beyrichiella ? reticosa Jones and 
Kirkby). 

In the same paper « Jones and Kirkby describe a second more tumid 
species, likewise referring it doubtfully to Beyrichiella under the name 
B. f ventricomis. At present only these two British species may be 
safely placed in the genus Kirkhyina. There are a few as yet un- 
studied, Primitia-like Ostracoda in American deposits of Carbon- 
iferous age that may turn out to belong here. 

Kirkhyina resembles Primitia^ but is readily distinguL«?hed by its 
overlapping valves and thicker anterior end. In Primitia it is the 
posterior half that is usually the thicker. Beyrichiella has a more 
elongate shell and broader sulcus, while its left valve and not the ri^t 
is the larger. 

Genus BEYRICHIELLA Jones and Kirkby. 

Beyrichiella Jones and Kirkby, Geol. Mag., Dec. 3, III. 1886, p. 438: Vtoc 

Geol. Assoc., IX, 1886, p. 506. 
Beyrichiella (part) Ulrich and Bassler, Proc. IT. S. Nat. Mus., XXX, 19<^ 

pp. 151-155. 
Synaphe Jones and Kirkby, Trans. Royal Dublin Soc. (2), VI, 1896, p. 190.- 

Ulrich and Bassler, Proc. U. S. Nat. Mus., XXX, 1906, p. 152. 
KirkJ)yia Cossmann, Revue Critique de Paleozoologie, III, 1899, p. 45 (pr^ 

posed for Synaphe, preoccupied). 

Carapace small, 1 mm. or less in length, elongate subquadrate. 
thickest anteriorly, with a rather broad median sulcus giving the shell 
bilobed aspect ; a low, transverse ridge in the ventral part cuts oi 
the sulcus and unites the lower parts of the two lobes. Valves un- 
equal, the edge of the smaller right valve being set into the over- 
lapping ventral and end parts of the larger left valve. 

Genotype. — Beyrichiella cristata Jones and Kirkby. 

The writers fail to see more than specific differences between 5- 
cristata and Kirkhya annectens^ the type of Synaphe Jones an^ 
Kirkby (not Synaphe Huebner). It is, therefore, placed here as a 

"Ann. and Mag. Nat. Hist. (5), XVIII, 1886, p. 260. 
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second species of Beyrichiella. X third, the only known species from 
American strata, was described by Ulrich as Ulrichia conUvsns. 
Viewed in the narrow sense in which this genus was proposed and in 
which it is now thought desirable to recognize it, Beyrichiella is 
clearly distinguished from other members of the subfamily. The 
shell is relatively longer than that of Kirkbyina and its larger valve 
is not the right as in that genus, but the left. The lobation of the 
valves is also less simple, the low ventral ridge, connecting the two 
larger lobes, being a character not observed in Kirkbyina. The gen- 
eral shape of the carapace is decidedly like that of Beyrichiopsvt^ but 
the characteristic rounded, median — or rather post-median — node of 
that genus is wanting in Beyrichiella. 

Genus BEYRICHIOPSIS Jones and Kirkby. 

BeyrichiopHs Jones and Khikbt, Geol. Mag., Dec. 3, III, 1886, i). 434 ; Proe. 

Geol. Assoc., IX, 1886, p. 506 ; Quart. Journ. Geol. Soc. London, XLII, 

1886, p. 506. 
BeyrichiopHs IJlmch and Bassleb, Proc. U. S. Nat. Mua., XXX, 1906, p. 

152. 

Carapace small, about 1 mm. in length, oblong, subquadrate to sub- 
elliptical, straight on the dorsal side, tapering slightly and thickest 
anteriorly; on the whole, rather strongly convex. A broad based, 
rounded swelling or lobe occupies the greater part of the anterior 
half. A second, smaller rounded eminence occurs behind the mid- 
dle and usually above the mid-height of the valve. It is often sur- 
rounded by a slight depression usually deepest on the anterior side. 
Free edges of valves usually with a broad, spiny frill ; in other cases 
merely denticulate. Two or three thin, crest-like ribs commonly 
cross the surface in a longitudinal direction. 

Genotype. — Beyrichiopsis fimbriata Jones and. Kirkby. Other 
typical species are B. comutay B. subdentata^ B. fortis^ B. granulata^ 
and B. simplex^ all described by Jones and Kirkby from British 
Carboniferous specimens.* Two new species in the Ulrich collection 
in the U. S. National Museum were collected from the basal shales of 
the Tullahoma formation in central Tennessee. One of these has 
a frill like B. fimbriata^ the other is more like B. comuta. 

Compared with the other genera of the subfamily Kloedenellinfe, 
Beyrichiopsis is distinguished at once by the small, rounded post- 
median node. Otherwise the genus is not greatly different from 
Beyrichiella^ its nearest ally, the usual presence of a spiny marginal 
frill being of subordinate importance. Another difference, how- 
ever, is found in the transverse ventral ridge seen in Beyrichiella but 
which is absent in Beyrichiopsis. 

« GeoL Mag., Dec. 3, III, 1886, pp. 434-437. 
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B. simplex and B. granidata^ depart somewhat from the other 
species in the more subdued development of both the anterior and 
the median lobes. These two species strongly resemble KUsdenk 
Indeed, it is difficult to point out satisfactory differences. However, 
as that genus became almost extinct with the close of the Silurian, 
it seems highly unlikely that these Carboniferous species were directlj 
connected with it. 

Genus JONESINA, new. 

Beyrichia (part) Jones and Kdikbt, Ann. and Mag. Xat. Hist. (5), XVIIL 

1886, p. 258; Geol. Mag., Dec. 3, III, 1886, p. 438. 
Beyrichiella (part) Ulbich and Bassleb, Proc. U. S. Nat. Mus., XXX. 

1906, pp. 151-166. 

Carapace small, about 1 mm. in length, usually elongate, the oat- 
line varying from subelliptical to oblong or approximating a par- 
allelogram; greatest thickness in anterior half. Valves strongly 
convex, variously lobed, unequal, the left being the larger, sometimes 
overlapping the edge of the right on all sides. The most simple 
types (e/. craterigera and /. arcuata) are marked with a rather deep 
dorsal sulcus situated somewhat behind the middle. The whole 
area in front of this sulcus may be almost uniformly convex, or i 
node may be obscurely defined in its post-dorsal quarter (that Is. 
just in front of the sulcus) . Behind the sulcus a more clearly defined 
node is always observable. In more complex species (/. faatigiak) 
three nodes are distinguishable, two, subequal, situated on opposite 
sides of the main sulcus, and a larger, less definitely outlined, lobe 
occupying the anterior third. Finally, in /. fodtcata^ the anterior i 
lobe is divided by the separation of a node simulating the other two ; 
in size and form, while all three nodes will appear as connecting 
below with a low marginal ridge. A more or less obscure and 
variable ridge commonly unites the two median nodes, occasionalh ' 
producing an effect simulating BolUa. 

Genotype. — Jonedna fastigiata {Beyrichia fastigiata Jones and i 
Kirkby). 

The following additional species are referred to Jonesina: /. ffr- 
cuata (Bean) (as figured by Jones and Kirkby under the genus Bef 
richia)^ J. hradyana {Beyrichia Jones and Kirkby),^ /. craterigen 
{Beyrichia Brady Ms., Jones and Kirkby),* /. fodicata {Beyrickk 

« Jones and Kirkby describe the latter as a variety of B, fortis. It seems to 
the writers as allied to B. simplex rather than B, fortis, the post-median node : 
as well as the general expression of the valves, aside from the surflcial crests | 
being the same as in the former and quite different from the latter. | 

* Geol. Mag., Dec. 3, III, 1886, p. 438, pi. xii, figs. 12-14. 

<^Idem., fig. 11. 

•'Idem., figs. 7a, 76. 
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Jones and Kirkby)," all from the Carboniferous rocks of Great 
Britain^ and /. holliaformis and var. tumida {Beyrichiella Ulrich 
and Bassler),* and J. gregaria {Beyrichiella Ulrich and Bassler)*^ 
from rocks of Pennsylvanian age in Kansas and Texas. Other Ameri- 
can species are known, but remain to be described. 

JoneaiTia sometimes resembles Klmdenella to a marked degree. 
This is true especially of /. craterigera^ but with entire specimens the 
obser^'^er should experience little difficulty in distinguishing them, the 
matter of relative size of the valves being I'eversed in the two genera. 
In the older genus the right valve is the larger, whereas in Jonesina 
it is the left. 

In correlating the nodes of Joneaina with those of a typical Bey- 
richia, it is to be observed that the median lobe of the latter corre- 
sponds to the post-median node of Jonedna^ the one, two, or three 
nodes in front of the median sulcus being equivalent to the single or 
dissected anterior lobe of Beyrichia. Obviously the location of the 
homologous parts in the two genera is widely different. 

•Ann. and Mag. Nat. Hist. (5), XVII. 1886, p. 258, pi. viii, flgs. 4-6. 
» Proe. U. S. Nat. Mas., XXX, 1906, p. 158, pJ. xi, flgs. 7-11. 
''Idem., fig. 18. 
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EXPLANATION OF PLATE XXXVII. 

Figs. 1-4. Group of Beyrichiii tuberculata. 

1. Four views of a left valve of Bcyrichia tuberculata. 

2. Similar views of a right valve of female individual of same. 

3. Four views of a right valve of B. tuberculata bigibbosa Reuter. 

4. Similar views of a right valve of B, noetlingi Reuter. All the fignw 

are magnifled Ave times and copied from Reuter. 
&-10. Group of Beyrichia kloedeni, 

5. Two views of a left valve of Beyrichia maoooyiana sulcata Rents, 

X8. 

6. Similar views of left valve of female individual of same, X 8. 

7. Left valve of Beyrichia lindatromi Kiesow, X 8. 

Figs. 5 and 6 are copied from Reuter and fig. 7 from Kiesow. 

8. Left and right valves of Beyrichia moodeyi, new species, X 10. 
Cayuga formation, Cacapon, Maryland. 

9, 10. Right and left valves of Beyrichia waldronenHs, new species, X 10. 

Niagara (Waldron), Waldron, Indiana. 
11-13. Group of Beyrichia buchiana. 

11. Left valve of Beyrichia buchiana Jones, X 8. Copied from Jones. 

12. Four views of a right valve of Beyrichia buchiana angustata Reotei, 

X 6. (After Reuter.) 

13. A right valve of Beyrichia lauenaia Kiesow. (After Kiesow.) 
14, 15. Group of Beyrichia salteriana. 

14. Lateral and ventral views of a right valve of Beyrichia salteriaM 

Jones, X 10. (After Reuter.) 

15. Right valve of Beyrichia granulosa Hall. (After Hall.) 
16, 17. Group of Beyrichia clavata. 

16. Right valve of Beyrichia clavata Kolmodin. (After Kiesow.) 

17. Right valve of Beyrichia joneHi Boll. (After Kiesow.) 
326 
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ADVERTISEMENT. 

The scientific publications of the National Museum consist of two 
series — ^the Bulletin and the Proceedings, 

The Bulletin^ publication of which was begun in 1875, is a series 
of more or less extensive works intended to illustrate the collections 
of the U. S. National Museum and, with the exception noted below, 
is issued separately. These bulletins are m6nographic in scope and 
are devoted principally to the discussion of large zoological and 
botanical groups, faunas and floras, bibliographies of eminent natural- 
ists, reports of expeditions, etc. They are usually of octavo size, 
although a quarto form, known as the Special Bulletin, has been 
adopted in a few instances in which a larger page was deemed indis- 
pensable. 

This work forms No. 65 of the Bulletin series. 

Since 1902 the volumes of the series known as " Contributions from 
the National Herbarium," and containing papers relating to the botan- 
ical collections of the Museum, have been published as bulletins. 

The Proceedings^ the first volume of which was issued in 1878, are 
intended as a medium of publication of brief original papers based 
on the collections of the National Museum, and setting forth newly 
acquired facts in biology, anthropolog}', and geology derived there- 
from, or containing descriptions of new forms and revisions of limited 
groups. A volume is issued annually, or oftener, for distribution 
to libraries and scientific establishments, and in view of the impor- 
tance of the more prompt dissemination of new facts a limited edition 
of each paper is printed in pamphlet form in advance. 

RiCHAKD RaTHBUN, 

Assistant Secretary^ Smithsonian Institution^ 
In Charge of the United States National Museum, 
Washington, U. S. A., June 20, 1909. 
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DENDROID GRAPTOLITES OF .THE NIAGAMN DOLO- 
MITES AT HAMILTON, ONTARIO. 



Compiled by Ray S. Bassleb, 
Cvraior, Division of Invertebrate Paleontology, V. 8. 2Va«onaZ Muaeum. 



INTRODUCTION. 

The large- collection of graptolites which has been accumulating 
in the U. S. National Museum for many years, mainly through 
transfer from the U. S. Geological Survey, has recently been classi- 
fied and so arranged that all of the specimens are now available for 
study. Fifteen years ago, Dr. R. R. Gurley, then connected with the 
U. S. Geological Survey, undertook a monographic study of the 
graptolites of the world with specimens now constituting the greater 
portion of the Museum's present collection as the basis for his work. 
Doctor Gurley accumulated a mass of manuscript relating chiefly to 
the bibliography of these organisms, but his resignation from the 
survey brought the work to an end. Nothing further was done with 
either the specimens or manuscript until 1905, when an arrangement 
was made with the director of the New York State Museum, whereby 
Dr. Rudolph Ruedemann, assistant state paleontologist, should study 
Doctor Gurley's unpublished typ^s and use as much as possible of 
the manuscript in connection with his studies on the graptolite 
faunas of New York. In his preface to Part 2 of the Graptolites of 
New York," Doctor Ruedemann writes the following: 

Our request [for the loan of Gurley's types] was most Uberally granted by the 
aathorltles of the U. S. Geological Survey and of the National Museum, but 
with the specimens there was delivered to us the voluminous unfinished manu- 
script of Gurley's monograph of the graptolites with the understanding that we 
should use as much as possible of the same, and thus assure to Doctor Gurley's 
long labors the credit to which they are entitled. The author has gladly 
availed himself of Gurley's work, which even in its fragmentary form bears 
witness not only of the admirable patience and enthusiasm of its author, but 
also of his keen power of observation. 

In justice to both Doctor Gurley and myself a full statement of what this 
volnmlnous manuscript contains and what has been used for this memoir 
should be given in this place. 

»New York State Museum, Memoir 11, 1908. 
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The greater part of the manuscript consists of copies of the descriptioiis. 
and translations of those in other than the English language, of all foreign 
species of graptolites together with a full bibliography of all species described 
up to 1896. It is obvious that it was the author's intention to produce a* 
monograph of all the graptolites of the world. 

Another part of the manuscript contains the history and synonymy of the 
American siiecies. In this work Doctor Gurley had evidently made special 
efforts to trace the history of many of the cryptic names of the earlier geolo- 
gists, as those of the graptolites mentioned in the reports of the first geological 
survey of New York by Emmons and others. These notes are fairly complete: 
they have been used here as far as the scope of our work allowed, and due 
credit given the author. 

In the description of the North American graptolites Gurley had Bot pro- 
ceeded beyond the Dendroidea and a part of the Graptololdea of the Ijower 
Champlainic. The former consist in the large majority of the Niagaran forms 
from Hamilton, Canada, which lie without our field, and the descriptions of 
the latter faunas are entirely based upon Canadian material. 

In another paragraph Doctor Ruedemann has the following to 
say regarding Doctor Gurley's monograph : 

On the whole, it may be fairly said that Doctor Gurley has printed in his 
preliminary publication in the Journal of Geology all that was new or espe- 
cially worthy of publication, namely, the descriptions of all new species— 
with the exception of a few Dendroidea — and his observations on the mor- 
phology' of certain hitherto incompletely known si)ecies (e. g., Clathrograpiu$ 
ffeinitzianus) , Still there was enough left in the manuscript to make it a 
welcome help to the writer in many ways. Its extensive bibliography of the 
graptolites, which is practically complete to 1896, might be published as a 
separate bulletin, as also eventually the Dendroidea. This done, full justice, 
I believe, would have been rendered to Doctor Gurley's assiduous labors on 
the graptolites. 

From time to time attempts have been made to arrange the Gurley 
manuscript so that portions of it at least could be prepared for pub- 
lication, but it finally became apparent that the dendroid forms from 
Hamilton, Ontario, were all that could be said to be available for 
this purpose, without a complete restudy and redescription of the 
forms. At the request of tlie secretary of the Smithsonian Institu- 
tion I have arranged the present article, using Doctor Gurley's de- 
scriptions and drawings as a basis, but in order to illustrate the 
fauna properly additional photographs were necessary. As these are 
my own work, it would be unfair to attribute any mistakes in them 
to Doctor Gurley, and they have, therefore, been designated accord- 
ingly on the descriptions of the plates. For the same reason, it may 
be noted that the identification and arrangement of the drawings, 
the descriptions of the text figures and plates, and other matters, 
exclusive of the descriptions of species and notes accredited to Doctor 
Gurley, have been introduced by me. 

While the present work has been in part that of compilation^ yet 
it is only fair to say that in order to do the subject justice, a restudy 
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of the various collections of Hamilton, Ontario, graptolites was 
necessary. This restudy resulted in the suppression of a number of 
Gurley's manuscript names and descriptions, which in themselves 
gave evidence that they did not represent the author's final judgment. 
But few of the specimens in the national collection were labeled 
so that they could be assigned to their proper species without further 
study. Fortunately, in many instances the illustrated specimens 
were numbered and mentioned by number in the manuscript. Speci- 
mens in the collections of the New York State Museum and the Walker 
Museum of Chicago University, kindly loaned by the authorities of 
these respective institutions, proved to be better supplied with labels, 
and the study of them helped greatly in the identification of the 
species. 

A few words in connection with the preparation of the accom- 
panying illustrations may be of some interest. Doctor Gurley's 
drawings were prepared by first inking in the graptolite as seen on 
ordinarj^ blueprint photographs of the specimens, and then bleaching 
out the background. This method, although satisfactory in many 
cases, did not give good results with poorly defined specimens, so in 
the additional illustrations which were made the following method 
of procedure was used: The objects were first treated to a thin coat 
of French retouching varnish, which brought out the details of even 
the poorest material fairly well. Specimens so coated are in ex- 
cellent shape for study, but on account of the reflection of light from 
the slightly polished surfaces, do not lend themselves well to pho- 
tography. This difficulty was overcome by photographing the speci- 
men immersed in water. 

The wonderful fauna of dendroid graptolites at Hamilton, Ontario, 
has been collected with untiring enthusiasm by Col. C. C. Grant, 
to whom science is indebted for the discovery of many new species. 
Colonel Grant has published interesting popular accounts of the 
geologic features at Hamilton in the Journal and Proceedings of 
the Hamilton Association, and has likewise figured, without descrip- 
tion, some of the more interesting graptolites. ITp to the present 
time the description of these forms has been mainly from the pen of 
Prof. J. W. Spencer, whose articles upon the subject are noted in the 
bibliography of the species beyond. More recently Doctor Ruede- 
mann has described the Xiagaran forms occurring in New York. 

In the present article I have endeavored to carry out Doctor Gur- 
ley's plan of publishing complete descriptions of these dendroid grap- 
tolites. For this reason the original descriptions of Spencer and 
others are inserted whenever they have been thought to add to the 
completeness of the work. Likewise all of the species have been illus- 
trated, either by copias of the original figures or by additional draw- 
ings and photographs, and in some cases by both. 
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The destruction by fire of the museum building at the University of 
Missouri some years ago resulted in the loss of all of Spencer's orig- 
inal types. No additional specimens of some of his species have come 
to hand in later collections, so that such species must rest on their 
descriptions and figures alone. However, it must be stated that all 
specimens quoted in the descriptions, other than Spencer's figured 
types, are still extant. 

Professor Spencer has published a detailed section of the rocks at 
Hamilton, which is repeated here for ready reference of the grapto- 
lites to their horizon. 

Geologic section at Hamilton^ Ontario.^ 

This section was measured along the brow of the escarpment at the city of 
Hamilton, between the ravine at the head of James street and the " Jolly Cuf 
road, about half a mile to the eastward. 

Niagara Formation. 

ThicknesB 
in feet 

Bed No. 12. Thin gray dolomites with an abundance of cherty 
nodules. This bed Is known as the *' Chert bed,** and forms the 
brow of the escarpment at Hamilton and eastward, being 388 feet 
above lake at head of James street. At head of Queen street this 
series Is 19 feet thick 12.0 

Bed Nos. 11 and 10. Argillaceous dolomites, with shaly partings — 
upper i)ortlon known as the " Blue Building beds." Beds 0.5- 
1 foot thick 15.5 

Bed No. 9. Dark hard dolomltlc shales and dolomites weathering to 
gray — ^and lower beds most shaly 10.5 

Bed No. 8. Thick bed gray crystalline dolomite (nearly pure) 4.5 

Bed No. 7. Argillo-arenaceous dolomite In beds from 1-1.5 feet thick- 8. 8 

51.3 

Clinton Formation. 

Bed No, 66. Earthly dolomite, with shaly partings 8.0 

Bed No. 6rt. Clinton shales, all dolomltlc, with thin beds of harder 
rock, some of which are arenaceous, and others to a thickness of 
about 7 feet are areno-ferruglnous. The upper 9 feet may be 

considered as passage beds 76.9 

Bed No. 5. Passage beds of argillaceous dolomites. (Top project- 
ing portion Is glaciated, and is 254 feet above lake) 8.8 

93.7 

Medina Formation. 

Bed Nos. 4 and 3. Coarse, gray sandstone — " Gray Band." This 
bed varies In thickness 6.5 

Bed Nos. 2 and 1. Medina variegated red and green shales. Thick- 
ness from calculation of Dundas artesian well 538.5 

545.0 

Total thickness 690.0 

a J. W. Spencer, Canadian Naturalist, X, 1883. p. 136. 
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All of the species and varieties noted in the following pages occur 
in the Niagaran limestone at Hamilton, the especial portion in the 
section being indicated under the descriptions. These limestones 
seem to belong entirely to the Lockport division of the Niagaran, 
although it is possible that beds 7 to 9 of the section represent the 
Rochester shale of western New York. This latter view is suggested 
by the fact that of the six species common to the Rochester shales and 
Lockport limestone, namely, Dictyonema retiforme^ D. polymorphum^ 
D. subretiforme^ Cyclograptus rotadentatus^ InocauUs plumnlosus^ 
and Acantkograptu8 walkeri^ two or three are limited to the shaly 
strata at the base of the Niagaran limestone, while the exact position 
of at least two more is uncertain. The essential unity believed by 
Ruedemann to exist between the graptolite faunas of the Rochester 
shale and the Niagaran limestone at Hamilton is therefore more 
doubtful. 

DESCRIPTIONS OF GENERA AND SPECIES.* 

Order DENDROIDEA Nicholson. 

Family DENDROGRAPTID^ Roemer. 

Genus DENDROGRAPTUS Hall. 

Dendrograptus Hall, Rep. Progr. Geol. Surv. Canada for 1857, 1858, p. 143 ; 
Geol. Surv. Wisconsin, 1,1862, p. 21; Geol. Surv. Canada, Decade 2, 1865, 
pp. 126, 127; 20th Kept. New York State Cab. Nat. Hist., 1868, p. 218, 
(rev. ed., 1868 [1870], p. 252).— Cabrxtthebs, Geol. Mag., V, 1868. 
pp. 73, 130.— -ZiTTEL, Handbuch d. Pal., I, 1870, p. 289.— Spencer, Trans. 
Acad. Scl. St Louis, IV, 1884, pp. 562, 566; Bull. Mus. Univ. State 
Missouri, I, 1884, p. 16.— Miller, North Amer. Geol. and Pal., 1889, 
p. 184.— James, Joum. Cincinnati Soc. Nat. Hist., XIV, Pt. 2. 1892, 
p. 151.— PocTA, Syst Sil. Centre Bolieme, VIII, Pt. 1, 1894, p. 165.— 
RoEMEB and Frecit, I^th. geog., I Theil, I^ith. Pal., I, 3 Lief.. 1897, 
p. 577.— Elles and Wood, Mon. Brit. Graptolites, Pal. Soc., 1903, p. 
xll. — Ruedemann, New Yoric State Mus., Mem. 7, 1904, p. 578. 

Dendroffrapsus Nicholson, Quart. Journ. Geol. Soc. London, XXIV, 1868, 
p. 142; Mon. Brit. GraptoUtldse, 1872, p. 127. 

According to Ruedemann : 

The genus Dendrograptus was created for forms with a strong main stem 
and a broad, spreading, shrub-like, variously ramifying frond. The thecie are 
described as quite distinct and angular in some (the type-species of the genus, 
/). hallianus Prout), of obscure forms in others, while in still others they are 
shown only as round or elliptical pits or postules. 

Genotype. — Graptolithics hallianus Prout. Upper Cambrian, Os- 
ceola Mills, Wisconsin. The species is also known from several 
localities in the. Upper Cambrian of Tennessee and Alabama. 

• Unless otherwise stated, all of the text figures were made either by Doctor 
Onrley or under his supervision, and are of natural size. 
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Nine species of Dendrograptus are here noted, two of which are 
new. This is not the complete representation of the genus at Hamil- 
ton, Ontario, since Doctor Gurley's manuscript includes short descrip- 
tions, unaccompanied by illustrations, of three additional species, 
each of which is represented by a single specimen said to be in the 
New York state collections. As these specimens are inaccessible at the 
present time the descriptions are omitted. To complete the notes on 
this fauna, however, it may be added that one of these species is a 
very slender, rigid little form, with sharp, V-shaped bifurcations; the 
second has very thick stems and branches, the latter upright, close 




If 



-*u^ -'*^ /^^ 



Fias. 1-7. — 1, Dendrograptus dawsoni Spencer. A frond natural size and a bbajcch 
enlarged; 2, D. dubius Miller; 3, D. ramosus Spencer. A frond with a branch 
enlarged; 4, D. praegracilis Spencer; 5, D. spinosus Spencer; 6, D.? pkoblemat- 
iCDS Spencer ; 7, D. frondosl s Spencer. A frond natural size and branch i5- 
LABGBD. (Copied from Spencer.) 

together, and parallel, while the branches of the third are narrow 
at their origin, but widen uniformly to their bifurcations or free ^ds. 

DENDROGRAPTUS DAWSONI Spencer. 

Text figure 1. 

Dendrograptus dawsoni Spencer, Can. Nat., X, 1882, p. 165, nomen nudum; 
Trans. Acad. Sci. St. Louis, IV, 1884, pp. 564, 568, pi. 1, fig. 5; BolL 
Mu8. Univ. State Missouri, No. h 1884, pp. 14, 18, pi. 1, fig. 5.— Millei, 
North Amer. Geibl. and Pal., 1889, p. 184. — Gubley, Joum. GeoU IV, 
1896, pp. 94, 308. 

Doctor Spencer's description is as follows : 

Frond erect and treelike. Stipe short, but extending upward and diTidlng 
into two or three principal branches, each bifurcating twice or thrice, and at the 
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same time giving off several slightly diverging branchlets at irregular distances 
on both sides. Tbe lower part of the stipe or trunk also gives off several branch- 
lets. The outline of the frond is cleft or divided Into somewhat rounded lobes, 
with branches more or less upright. The corneous surface is strongly marked 
with striations. The cellular openings are oval on one side of the axis, as repre- 
sented in figure 5a. However, there are undulations or swellings on some of the 
surfaces. 

This little fossil is one of the most beautiful of the Graptolite family found in 
the Niagara formation. It is 4 cm. high and with a breadth of 2 cm., while the 
branches are less than half a millimeter thick and nearly double that distance 
apart. There is a strong resemblance to D. fruticosus of the Quebec group. 
Only one good specimen is in my ix)ssession. 

Formation and locality. — This specimen was obtained by Colonel Grant in the 
dolomitlc shales, below the chert bed of the Niagara formation, at the " Jolly-cut 
road," Hamilton, Ontario. 

No additional specimens of this species occur in the later collections. 

DENDROGRAPTUS DUBIUS Miller. 
Text figures 2, 8. 

Dendrograptus simplex Spencer, Can. Nat., X, 1882, p. 165, nomen nudum; 
Trans. Acad. Sci. St. Louis, IV, 1884, pp. 564, 567, 568, pi. 1, fig. 4; BuU. 
Mus. Univ. State Missouri, No. 1, 1884, pp. 14, 17, 18, pi. 1, fig. 4 (name 
preoccupied). 
Dendrograptus dulHus Miller, North Amer. Geol. and Pal., 1889, p. 184. — 
GuELEY, Journ. Geol., IV, 1898, pp. 94, 308. 

8 

to 




Figs. 8-9. — 8, DEXDROonAPTrs dubius Miller. An incomplete fuono; 9, Dendbo- 

GBAPTUS RAMOSrS SPENCEB. A FBOND BRANCHING UNIFORMLY. (SEE ALSO PL. 1, FIG. 3.) 

Doctor Spencer originally described this species under the name of 
Dendrograptus simplex^ a name preoccupied and replaced by Miller 
with D. duhius. The original description of D. simplex is as follows: 

Frond erect, with strong branches originating from a lengthy flexuous stipe, 
and diverging slightly above. The branches bifurcate only once or twice and are 
cloflely crowded together. Transverse bars are apparent in one or two places. 
Tbe texture is corneous, with surface striated. On one side there are oval de- 
pressions marking the cell orifices; these are nearly a millimeter in length, and 
are situated about double that distance apart. Rudimentary branches are given 
off on each side of the stipe. 

82651— Bull. 65—09 2 
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Of this species I have only one si)ecimeii. It is 5 cm. high, besides the single 
basal stipe, which is nearly 2 cm. long. The branches diverge from their Initial 
points on the Btlve until the summit is rather more than a centimeter broad, 
although there are six or seven branchlets present, each having the breadth of a 
millimeter and situated about the stime distance apart 

Formation and locality, — This specimen was found in the Niagara do1omite.iit 
the ** Jolly-cut road," Hamilton, Ontario. 

A single specimen from the Niagara dolomite, Hamilton, Ontario, 
loaned by the Hamilton Museum (text fig. 8), agrees in all essential 
points with Spencer's description, and apparently represents this 
species. A drawing of this specimen was prepared by Doctor Gurley, 
whose manuscript also contains the following notes upon the species: 

Evidently Spencer's figure represents n crushed or weathered specimen, so 
that such deviations from it as occur here are merely such as would be expected 
in better material. The branches mostly measure 0.8-1 mm. and are separatwi 
by about their own width or a little more. The branches are more numeroos 
near the lop, resulting in being more bushy in this region. This species is dis- 
tinguished from the other si)ecies at this horizon by the stoutness of its 
branches and the size of the i)olypnry. 

DENDROGRAPTUS FRONDOSUS Spencer. 
Text figure 7. 

Dendrograptua frondosus Spencer, Can. Nat., X, 1882, p. 165, nomen nudum; 
Trans. Acad. Sci. St. Louis, IV, 1884, pp. 564, 568, 569, pi. 1, flg. 6; 
Bull. Mus. Univ. State Missouri, I, 1884, pp. 14, 18, 19, pi. 1, flg 6.- 
MiLLEB, North Amer. Geol. and Pal., 1889, p. 184. — Gublet, Joom. GeoL 
IV, 1896, pp. 94, 308. 

Several fragmentary specimens from the Niagara dolomites, in 
the collection of the U. S. National Museum, seem to belong to this 
species. They show no features in addition to those pointed out in 
the original description, which is as follows: 

The frond is low and broadly flabellate, originating from a short slender 
stii)e, which divides twice or thrice, after which the divisions extend to tlie 
summit of the several lobes, and send off branches at Irregular distances oo 
both sides. The branches give rise to lateral branchlets rather than bifurca- 
tions. The branches are short and slender, not exceeding one-third of a milli- 
meter in thickness. The surface is striated ; the cellular openings are minote 
and oval, but usually indistinct. Figure 6a represents an enlarged branch. 

This graceful little frond is less than 2 cm. broad, and IJ cm. high. 

Formation and locality. — It occurs in the Niagara dolomite at Hamilton, 
Ontario. 

DENDROGRAPTUS RAMOSUS Spencer. 

Text figures 3, 0. Plate 1, figure 3. 

Dendrograptus ramo8U8 Spencer, Can. Nat,, X, 1882, p. 165, nomen nudum; 
Tnins. Acad. Sci. St. Louis, IV, 1884, pp. 564, 567, pi. 1, fig. 3; BuILMbsl 
Univ. State Missouri, I, 1884, pp. 14, 17, pi. 1, fig. 3.— Milleb, North 
Amer. Geol. and Pal., 1889, p. 185. — Gubley, Joum. GeoL, IV, 1896^ 
pp. 95, 308. 
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Doctor Spencer's description is as follows : 

Frond moderately flabelliform. The base of the frond arises from a single 
stipe, and from near its summit most of the branches originate and moderately 
diverge alwve, with few bifurcations. The texture is corneous, with the surface 
strongly striated. The cellules are arranged along one of the margins of the 
branches, and have angular openings, processes, or cell denticles, marking 
these o|)eniugs as in figure 3a, which is u branch enlarged. 

The largest frond is 4 cm. high, exclusive of the basal stipe, of which the 
length of a centimeter is preserved. It expands above in straight radiating 
branches until the summit is rather more than 3 cm. across. The not- very- 
numerous branches are comparatively stout, being about a millimeter broad. 
The branches occasionally touch or overlap, but this arises from the manner in 
which they were compressed in the rock. This species is easily distinguished 
from any other of the group that is obtained at Hamilton. 

Formation and locality. — This fossil is found in the more shaly dolomites 
below the ** Chert beds" of the Niagara formation, at the "Jolly-cut road," 
Hamilton, Ontario. 

This species is represented by two specimens in the Spencer collec- 
tion, one of which has been photographed and figured by Doctor 
Gurley. (Text fig. 9 and PI. 1, fig. 3.) According to this figure, 
the width of the branches is usually 0.8 mm., not infrequently reach- 
ing 1 mm. ; a few as narrow as 0.6 mm. The branches are set about 
17 to 20 in 25 mm. of width. 

DENDROGRAPTUS PRAEGRACILIS Spencer. 
Text figures 4, 10. Plate 2, figure 3. 

Dendrograptus praegracUl'i Spencer, Can. Nat., X. 1882, p. 165, nomen 
nudum; Trans. Acad. Sci. St. Louis, IV, 1884, pp. 564, 569, pi. 1, fig. 7; 
Bull. Mus. Univ. State Missouri, 1, 1884, pp. 14, 19, pi. 1, fig. 7.— Miller, 
North Amer. Geol. and Pal., 1889, 

p. 185.— Gurley, Journ. Geol., IV, »0 ii 

1896, pp. 95, 308. 

The original description is as follows : 

Frond diffuse. Tlie branches, few in num- 
ber (three or four), originating from a long 
slender stir>e, with each sending off smaller, 

very slender branchlets. Surface striated, p^^^ lo-ii.— 10, dendrograptus 

and celluliferous on one side. Branches prabohacilis Spencer (see also 

about a quarter of a millimeter broad and Pi^- 2, fig. :{) ; ii, Dendboobap- 

dlTerglng considerably. The umbelliferous "^^^ phainotheca, new species. 

. ; ^ ^ ^ , , . , , , View op the type - specimen. 

aammit Is about as broad as liigh (measuring ^g^^, ^^^so I'l. 2, fig. 2.) 

Ii cm., besides the long stipe). 

The mode of branching and general appearance of this fossil closely resem- 
bles D. gracilis of the Quebec group, only it is much smaller.. 

Formation and locality, — It occurs in the Niagara dolomite at Hamilton, 
Ontario. 

A single specimen (text fig. 10, and PL 2, fig. 3), from the Niagara 
cherty dolomite at Hamilton, Ontario, occurs in the U. S. National 
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Museum collection, but it presents no features not already given in 
the above description. 
Plesiotype.—Csit No. 55293, U.S.N.M. 

DENDROGRAPTUS SPIN08US Spencer. 

Text figure 5. 

DendrograptfM spinosva Spgncer, Can. Nat., X« 1882, p. 165. nomen nudum: 
Trans Acad. Scl. St. Louis, IV, 1884, pp 564, 569, pi. 1, fig. 8; Bull 
Mus. UniT. State Missouri, I, 1884, pp. 14, 19, pi. 1, fig. 8.— Milux, ; 
North Amer. Geol. and Pal., 1889, p. 185.-— Gubley, Joum. GeoL, IV. 
1896, pp. 95, 908. 

The original description is as follows : 

Frond small and shrublike, with long flexous stipe extending to the samniit, 
and giving off branches, usually, alternate and at unequal distances, and diverg- 
ing from each other at considerable angles. From both stipe and branrfaes 
there are numerous spinelike branchlets, which sometimes have dichotomoas 
terminations. The surface Is striated, but the cellular structure is not pee- 
served. The branches vary from one-third to one-half of a millimeter (in 
different specimens) in thickness, with somewhat greater distance between. 
The frond is usually twice as long as wide, and varies from 1| to 2 cm. faigii. 

Formation and locality. — This graceful little fossil is found in the cberty beds 
of the Niagara dolomite, at the '* Jolly-cut road," at Hamilton, Ontario. 

Doctor Gurley based the following description upon a specimen in 
the Spencer collection : 

Portion of polypary seen about 15 by 10 mm., consisting of branches which 
measure 0.25-0.3 mm. None were seen as large as 0.5 mm. (as reported by 
Spencer). In their course they zigzag slightly, the spines proceeding from the 
convex angle of each bend. The stems seem to be somewtiat wider at each 
angle, to contract above, and then again gradually widen up to the next angle, 
thus seeming as though formed of a series of similarly oriental cones ; but the 
material is not perfectly satisfactory on this point. Division taking place 
irregularly, either by oblique lateral branching, or by dichotomy, not regularly 
unilateral, regularly bilateral, or regularly alternate. Thecse Invisible. 

DENDROGRAPTUS ? PRGBLEMATICUS (Spencer). 
Text figure 6. Plate 1, figures 1, 2. 

InocauHs f prohletnatica Spewcfb, Can. Nat., VIII, 1878, pp. 458, 461; X 
1882, p. 165; Trans. Acad. Scl. St. Louis, IV, 1884, pp. 564, 586, pL 5» ; 
fig. 3; Bull. Univ. Missouri, I, 1884, pp. 14, 36, pi. 5, fig. 3.— Millol | 
North Amer. Geol. and Pal., 1889, p. 194. — Gubley, Joum. GeoU IV, 
1896, pp. 99, 309. j 

Doctor Spencer's original description is as follows: 

Plantlike, with numerous slender bifurcating branches, radiating more or 
less from a common center, and resembling the branches of rootlets; t^aare j 
corneous with irregular corrugations. I 

This sjiecies is of common occurrence, and is not easily mistaken for any 
other. The texture Is not well preseved, appearing often as mere stains of dark 



Digitized 



by Google 



DENDROID GRAPTOLITES OF HAMILTON, ONTARIO. 11 

color on tbe surface of the stone. Its relations are somewhat doubtful, but 
it is easily distinguished from all the other species of the family by its rootlilce 
ctiaracter and slender branches (one-fortieth of an inch) often overlapping each 
other in an irregular manner. It occurs abundantly in the Niagara limestones 
of Hamilton, Ontario. 

In his description published in 1884, the following additional notes 
are given : 

Fronds aggregated, resembling branching rootlets ♦ ♦ ♦. The height of the 
individual frond does not appear to have been more than 2 or 3 cm., with com- 
paratively few branches which are about three-fourths of a millimeter broad. 
Yet the individuals appear to have grown in bunches or groups, and one speci- 
men Indicates a large number of fronds originating from a common rootstock, 
whose branches, though only three centimeters high, cover 7 or 8 cm. in breadth. 

• * * More commonly the fossil consists of an Irregular mass of small 
branches lying together and occupying space on the stone not greater than 
or 10 square cm. 

Dr. Gurley's description and notes are as follows: 

The specimens I have seen may be characterized as follows: Appearance of 
polypary as a whole, straggling and lax in the extreme, usually without any 
evident plan, consisting of numerous very flexuous, undulate or more or less 
undulate zigzag branches, which measure about 0.7-0.8 mm. in width, bifur- 
cating at intervals, the resulting branchlets becoming subparallel and usually 
about 3 or 4 mm. apart. Thecie nowhere definitely outlined. Obscure Indica- 
tions of what may have been thecie are not wanting. 

Perhaps the most characteristic single feature of this species is the Irregular, 
straggling, diffuse arrangement of the branches. In part this is owing to their 
frequently over or under crossing one another. In one specimen (PI. 1, fig. 1) 
the branches seem to be connected with, or arise from, a dlscoidal body, and I 
tielieve such origin to talse place, though the specimen is not well enough pre- 
Krved to place the matter beyond the possibility of doubt. 

Horizon and locality. — Niagara dolomite and chert, Hamilton, Ontario. 

Spencer notes the species as very common in the dolomite. This formation 
was not being quarried when the present collection was obtained. Hence my 
specimens, nine In number, are all from the chert. It is worthy of note that 
on five of these, D, problematicua is growing on Rhinopora verrucosa, and that 
It in one case acquires a pseudo-structure, a serration of the margin from punc- 
ture by the Rhinopora cells. 

Whether this Is a graptolite or not is somewhat uncertain. In some places 
marginal indentations are visible which greatly resemble those corresponding 
to thecie in other graptolltes, but in no case are these unequivocal. Undoubt- 
edly the species is not an Inocaulia. Among graptolltes the mode of branching 
most nearly corresponds to that In Dendrograptus, and a provisional reference 
is made to that genus. 

Plesiotypes.— Cat No. 55294, U.S.N.M. ; collection of Walker Mu- 
seum, University of Chicago, No. 13510. 

DENDROGRAPTUS PHAINOTHECA Gurley. new species. 
Text figure 11. Plate 2, figure 2. 

The following description of this species is by Doctor Gurley: 

Polypary incomplete proximal ly, consisting only of several branches and 
branchlets. The two branches Include an angle of about 70''. They are 0.5 
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mm. wide to the tips of the thecse. It is probable that the latter are always situ- 
nted on the side symmetrical with reference to the bisector of the angle Included 
between the branches, occurring on the side toward it. They are straigbt 
cylindrical, inclined about 25'' to the branch, with the apertural margin straigbt 
and perpendicular to the branch ;• they are set about 45 in 25 mm. 

Horizon and locality. — This species is represented by a single speci- 
men from the Niagara glaciated chert, at Hamilton, Ontario. 
Holotype.—CRt. No. 55295, U.S.N.M. 

DENDROGRAPTUS ONTARIOBNSIS Baaeler. new species. 

Plate 1. figure 4. 

Although this form was distinguished by Doctor Gurley, who at- 
tached the label '^Dendrograptus ontariensia^ type " to the specimen 
here figured, neither description nor figure could be found among his 
manuscript pages. 

Dendrograptus ontarioensis is evidently closely re- 
lated to Z>. praegracilis Spencer, from which, how- 
ever, it may be distinguished by its more regular, 
erect growth, and by its dichotomously dividing, 
rigid branches. Comparison of the figures of these 
respective species will show other differences,but it 
is believed that those mentioned will suffice for the 
FiQ. 12.-DENDBO. recognition of this new form. 

GBAPTUS ONTA- => , -, -, t r^, • • • i i 

RioENsis, NEW Horizon and locality. — ^This species is based upon 

oF^^TUE moTt ^ single rather complete specimen in the collection 

COMPLETE sPEci- of thc Chicago University, from the Niagaran dolo- 

pr'i/^FiQ.''4*)^ mites at Hamilton, Ontario. Several fragmentary 

(By r. s. Bass- specimens in the collection of the U. S. National 

^^"'^ Museum agree with the type in all essential respects. 
Holotype, — No. 13506, Walker Museum, University of Chicago. 

Genus CALLOGRAPTUS Hall. 

Callograptus Hall, Geol. Surv. Canada, Decade 2, 1865, p. 133; 20th Rep. 
New York State Cab. Hist., 1808, p. 218 (rev. ed., 1868 [1870], p. 252).- 
HoPKiNSON, Ann. and Mag. Nat. Hist (4), X, 1872, p. 233. — Spenco. 
Can. Nat., VIII, 1878, pp. 458-462.— Zittel, Handbuch d. Pal.. I, 1879, 
p. 289.— Spencer, Can Nat, X, 1882, p. 165; Trans. Acad. Scl. St 
Louis, IV, 1884, pp. 562, 570; Bull. Mus. Univ. State Missouri, I, 1884, 
p. 20.— Miller, North Amer. Geol. and Pal., 1889, p. 175.— Pocta, Sjst. 
Sll. Centre Bohenie, VIII, Pt. 1, 1S94, p. 179.— Matthew. Tnina. New 
York Acad. Sci., XIV, 3895, p. 271, pi. 48, fig. 5.— Gubley, Joum. Geol. 
IV, 1896, pp. 93, 308.— RoEMER and Frech, Leth. geog., I. Theil, Leth. 
Pal., I, 3 Llet, 1897, p. 576.— Ruedemann, New York State Mus^ Mem. 
7, 1904, p. 583. 

Callograpsus Nicholson, Mon. Brit. Graptolltldse, 1872, p. 128. 

Gurley 's manuscript contains quotations from many of the papers 
cited above, but no original notes are included. The following quo- 
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tation from Ruedemann's discussion of the genus " will suflSce for its 
recognition. 

Hall based his genus mainly on its mode of branching and the resulting 
aspect of the rhabdosome; stating that it has '^numerous slender bifurcating 
branches proceeding from a strong stem or axis,'* and that in its aspect it is 
intermediate between Dictyonema and some forms of Dendrograptus ; that the 
branches are sometimes distantly and irregularly united by transverse dissepi- 
ments, but that the frond has not the regular reticulate structure of Dictyo- 
nema and differs from Dendrograptus in the mode of branching and the form 
ofthethecse. 

Genotype. — Callograptus elegans Hall. Tetragraptus zone of 
Quebec group, Gros Maule, Canada. 

CALLOGRAPTUS MULTICAULIS Spencer. 
Text figure 14. 

Callograptus (Dendrograptus) multieaulis Spencer, Canadian Nat., X, 1882, 

p. 165, nomen nudum, 
Callograptus multicaulis Spenceb, Trans. Acad. Sci. St. Louis, IV, 1884, p. 

572, pi. 1, fig. 11 ; Bull. Mus. Univ. State Missouri, I, 1884, p. 22, pi. 1. 

fig. 11.— -GuRLEY, Joum. Geol., IV, 1896, pp. 93, 308. 

The original description is as follows : 

Frond flabellate, possibly funnel-shaped in its growing state; branches, with 
two or three bifurcations, strong and somewhat numerous. Surfaces deeply 
striated longitudinally. The branches radiate from a common radicle until 
they occupy three-fourths of a circle; but whether they extended all around, 
and the frond grew in a funnel shape, can not be determined, as the lower 
branchlets are crushed and obscured. This beautiful little fossil has about 
a dozen principal branches well preserved, and these are about half a milli- 
meter broad, with rather greater space between. The length of each branch 
Is slightly over a centimeter, and the breadth of the frond about double that 
measurement. Cells are not known. 

Formation and locality. — This graceful fossil was obtained from a more 
shaly bed of dolomite below the ** chert bed " in the Niagara formation, at the 
"Jolly-cut road," Hamilton, Ontario. 

No additional specimens of this species have been noted in the 
various collections studied. 

CALLOGRAPTUS NIAGARENSIS Spencer. 

Text figure 15. 

Callograptus niagarcnsis Spencer, Canadian Nat., VIII, 1878, pp. 458, 468; 
Trans. Acad. Sci. St. Louis, IV, 1884, pp. 564, 571, pi. 1, fig. 9; Bull. 
Mus. Univ. State Missouri, I, 1884, pp. 14, 21, pi. 1, fig. 9.— Milleb, 
North Amer. Geol. and Pal., 1889, p. 175, flg. 141.— -Gubley, Joum. 
Geol., IV, 1896, pp. 93, 308. 

Doctor Spencer's original description is as follows : 

Frond flabellate; the slender bifurcating branches more or less parallel, with 
occasional transverse filaments. The form Is nearly semicircular with the 

fl New York State Museum, Memoir 7, 1904, p. 583. 
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brancbes radiating from a common axis. In texture It is corneous, and the sor- 
fnce of tbe numerous flattened brancbes is marked witb striations, appearing: 
lllie oval impressions, wbile on the under side there are minute pits indicating 
the apertures of the cells, as many as twenty pits being visible in one-fourth of 
an inch. The fronds are usually less than 2 inches in breadth, and resemble 

15 the outline of n bosh, 

where the branches 
princiiially originate 
from the root. 

This species is 
easily distinguished 
from Dictyoncma by 
the bushlilce form and 
more slender branches. 
Figs. 13-15. — 13, Callogsaptus minutus Spenceb ; 14, (\ together with an 

MULTICAULIS SPENCBR ; 15, C. NIAGARBN8IS SPBNCER. ^^^^^^ ^,j^,^ abseOCe 

(Afteb Spencer.) ^ ,, ^ ^ , 

of dissepiments and 

cell marlcings. In the better preserved specimens the cells readily distinguish 

it from Dcndrograpsus, as also the more numerous and more parallel branches. 

The branches are broader, more drooping, and further separated than in the 

species of this genus found in the Quebec group. 

Formation and locality, — This species occurs in the Niagara dolomites and 

shales at Hamilton, Ontario. 

Gurley notes the following concerning the species, which is known 
only from the type, now destroyed : 

The description of 1884 contains several statements requiring separate notice. 
The pits indicating the thecal apertures are stated to be " as many as 12 in a 
centimeter," a number amounting to 30 in an inch (25 mm.), as contrasted with 
80. The longer diameter of the aperture is about 0.5 mm. 

The frond does not usually exceed 4 cm. in breadth, l>eing broader tlian higli. 
The branches are a little less than 0.5 mm. broad, with spaces between them 
sometimes exceeding 1 mm. 

CALLOGRAPTUS MINUTUS Spencer. 
Text figure 13. 

CallograptHs minutus Spencer, Canadian Nat., X, 1882. p. 165. nomi^n 
nudum; Trans. Acad. Sci. St. Louis, IV, 1884, pp. 504, 572, pi. 1, fig. 12: 
Bull. Mus. Univ. State Missouri, I, 1884, pp. 14, 22, pi. 1, fig. 12.— 
Gurley, Journ. (Jeol., IV, 1896, pp. 03, 308. 

The original description is as follows: 

Frond orbicular. Branches, with one or two bifurcations, regularly diverging 
from the initial ix)int lilie the venations of a palm leaf; they are all free. Tbe 
surfaces are striated. The branches do not exceed one-fifth of a millimeter in 
breadth and are about half a millimeter apart. The whole height of the frond 
is a centimeter and the greatest breadth somewhat less. 

Formation and locality. — This species occurs in the Niagara dolomite at 
Hamilton, Ontario. 
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No additional typical forms of this species have been found. Four 
specimens, three of which are fragmentary, furnish the basis for the 
description of the following variety. 

CALLOGRAPTUS MINUTUS ALTUS Gurley. new variety. 

Text figure 16. 

Doctor Gurley's description and notes are as follows: 
Polypary as compressed (originally?), somewhat semicircular, consisting of 
branches about 0.2 mm. in width, bifurcating 2 to 4 times in their course toward 
the periphery, set about 45-50 in 25 mm. of width. Thecse iUTisible. Dissepi- 
ments very slender, apparently not numerous (too 
few visible to measure distances). 

This form seems nearly allied to Spencer's C. 
minutus, but has a larger polypary (16 mm. high). 
Further, while agreeing fairly well with his de- 
scription of C. minutus, it is not so easy to ap- 
proximate it absolutely to his figure. Still it is 
possible that with more material this variety may 

be surpressed. 

Figs. 16, 17. — 16, Calukjkaf- 

Horizon and locality.— The variety is ^us mindtds altds, new 

, T ^ . /. , 1- .1 " n VARIETY. ViEW OF THE 

based on two specimens (including the fig- holotype; it, c. stbictus, 
ured type) in the Spencer collection, from ^'^^^ species. (See also 
the Niagara chert, Hamilton, Ontario, and 

two additional specimens in the U. S. National Museum collections. 
Cotypes.—CsLt No. 55311, U.S.N.M. 

CALLOGRAPTUS STRICTUS Gurley, new species. 

Text figure 17. Plate 3, figure 3. 

This new species is based upon a single, well-preserved specimen 
in the collection of the University of Chicago. Doctor Gurley's de- 
scription is as follows: 

Branches straight or very slightly flexuous, O/i-0.6 mm. wide, bifurcating at 
frequent Intervals (1 to 4 mm.) ; longitudinally striated by chitinous threads; 
set 20-25 in 25 mm. Thecce present, flattened against the branches, but obscure; 
apparently about 35-40 in 25 mm. Dissepiments few (at least few are pre- 
served ) and remote. 

Horizon and locality. — Niagaran (Blue Building beds- of section), 
Hamilton, Ontario. 
Holotype. — Walker Museum, University of Chicago, No. 13513. 
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Genus PTILOGRAPTUS HalL 

Ptilograptus Hmx., Geol. Surv. Canada, Decade 2, 1865, p. 139; 20th Rep. 
New York State Cab. Hist. 1868, p. 218 (rev. ed., 1868 [1870], p. 252),- 
ZiTTEL, Handbucb d. Pal., I, 1879, p. 289. — Spenceb, Trans. Acad. ScL 
St. Louis, IV, 1884, pp. 503, 591 ; Bull. Mus. Univ. State Missouri, I, 
1884, p. 41.— Miller, North Amer. Geol. and Pal., 1889, p. 201.— Pocta. 
Syst. Sil. Centre Boheme, VIII, Pt. 1, 1894, p. 201.— Wiman, Natural 
Science, IX, 1896, p. 246. — Roemeb and Fbech, Leth. geog., I Thell, 
Letb. Pal., I, 3 Lief., 1897, p. 579.— Ruedemann, New York State Mob.. 
Mem. 7, 1904, p. 587. 

Ptilograpsva Nicholson, Ann. and Mag. Nat Hist (4), I, 1868, p. 239; 
Mon. Brit. Graptolitid», 1872, p. 126. 

The generic characters of Ptilograptus were given by Hall (1865) 
as follows: 

Frond plantlike, rooted? simple or brancbing. Branches and brancWets 
plumose, the pinnules rising alternately on opposite sides of the branches: 
celluliferous on one face only; branches cylindrical or flattened. Substance 
corneous, dense ; apparently smooth exteriorly, or corrugated by compresBlon or 
during fossil ization. 

Genotype. — Ptilograptus plumosus Hall. Tetragraptus zone of 
Quebec group in Canada. 

PTILOGRAPTUS POLIACEUS Spencer. 

Ptilograpsus foliaceus Spencer, Canadian Nat., VIII, 1878, pp. 458, 462. 
Ptilograptus foliaceua Spenceb, Trans. Acad. Sci. St. Louis, IV, 1884, pp. 

565, 591, pi. 0, flg. 7; Bull. Mus. Univ. State Missouri, I, 1884, pp.15. 

41, pi. 6, fig. 7.— Miller, North Amer. Geol. and Pal., 1889, p. 201, flg. 

210.— GuRLEY, Joum. Geol., IV, 1896, pp. 100, 309. 

The original description is as follows: 

Frond bipinnately branching. The slender branches are plumose, with deli- 
cate pinnules rising alternately from the opposite sides of the branchlets. There 
are angular openings on one side of the piDDQles, 
whilst on the other there are indistinct corrugations. 
When viewed from the face, the cellules appear as oral 
inipres.sions. 

The branches seldom exceed more than half an inch 

in length and all appear to originate from nearly tbe 

same place on. the axis. From these numerous parallel 

Fig. 18.— Ptilograi»tus Pln""^^^ occur on each side of the axis (sometimes as 

rOLiACEUs Spencer, many as sixteen). The pinnules seldom exceed the 

The type -specimen fourth of an Inch [5 mm; 1884] in length and rise at 

AND A BRANCH EN- ^ y^^^ ncute ougle fby the pinnules being regularly 

labged. (After Spen- arranged ; 1 884]. Even if separate branches be fonod 

they are easily recognized. They appear to have been 

attached, but from the sjiecimens l)efore me the radicle seems to have been 

brolsen off. 

Like the other members of this group the texture is corneous, but aometlines 
replaced by pyrites. This species closely resembles the P. plumulosa of the 
Quebec group, but is smaller (three- fourths of an inch) and finer in structnra 
with the relatively [fewer and; 1.S.S41 longer pinnules. 
It occurs in the Niagara limestone at Hamilton, Ontario. 
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The following notes are by Doctor Gurley : 

The description of 1884 adds that there are usually three or four branches 
ori^nating from near the same place on the short stipe, giving a lobed appear- 
ance to the frond. The branches are rather more than 1 cm. long. The cells 
occur on the lower sides of the branchlets (or pinnules). In 1 mm. there are 2 
cells and 2 intercellular spaces. The slender branchlets are about 0.33 mm. 
thick, and the whole frond is never more than 2 cm. wide. 

Due specimen occurs, so labeled, in the Spencer collection, from the Niagara 
dolomite, Hamilton, Ontario. After close study of it, I have concluded that it 
is too obscure to add much to existing data, which amply suffice for the recog- 
nition of the species in Hamilton collections. I find the branches about 0.25 to 
0.3 mm. wide, and the theca» 50 to 55 in 25 mm. Whether or not the generic 
reference is correct, it is the most natural provisional one, and may stand, iJend- 
ing better material. 

Genus DICTYONEMA Hall. 

Dictyonema Hall, Amer. Joum. Sci. (2), XI, 1S51, p. 401; Nat. Hist. New 
York, Pal., II, 1852, p. 174.— Pictet, Traite de Pal., 2d ed., IV, 1857, 
p. 171.— Hall, Geol. Surv. Canada, Rep. Progr. for 1857, 1858, p. 142; 
Canadian Nat. Geol., Ill, 1858, p. 174; Nat. Hist. New York, Pal., Ill, 
1859 [1861], p. 15; Geol. Surv. Canada, Decade 2, 1865, p. 136.— Salter, 
Mem. Geol. Surv. Great Britain, III, 1866, p. 331 (2d ed„ 1881, p. 
535).— Hall, 20th Rep. New York State Cab. Hist., 1868, p. 218 (rev. 
ed., 1868 [1870], p. 252).— Nicholson, Mon. Brit. Graptolitidae, 1872, 
p. 129.~Dames, Zeits. d. d. geol. Gesell., XXV, 3873, p. 383.— Zittel, 
Handbuch d. Pal.. I, 1870, p. 289.— Spencer, Trans. Acad. Sci. St, Louis, 
IV, 1884, pp. 562, 572; Bull. Mus. Univ. State Missouri, I, 1884, p. 22.— 
MiLLRR, North Amer. Geol. and Pal., 1889, p. 185.— Holm, Bihang till 
K. Sv. Vet.-Akad. Ilandl., XVI, Afd. IV, No. 7, 1890, p. 4.— Mobero, 
Geol. Foren. Stockholm Forhandl., XIII, 1891, p. 216.— Matthew, 
Trans. Royal Soc. Canada, IX, sect. IV, 1892, p. 33. — James, Joum. 
Cincinnati Soc. Nat. Hist., XIV, Pt. 2, 1892, p. 153.— Moberg, Geol. 
Foren. Stockholm Forhandl., XVI, 1894, p. 236.— Tornquist. Geol. 
Foren. Stockholm Forhandl., XVI, 1894, p. 380.— Pocta, Syst. Sil. 
Centre Boheme, VIII, Pt. 1, 1894, p. 190.— Pritchard, Proc. Royal Soc. 
Victoria, new ser., VII, 1895, p. 27. — Wiman, Natural Science, IX, 

1896, p. 243.— KOKEN, Die Leitfossilien, 1896, p. 327.— Gurley, Journ. 
Geol., IV, 1896, p. 81.— Frech, T>eth. geog., I Th., Leth. Pal., I. 3 Lief., 

1897, p. 557.— Roemer and Frech, IjCth. geog., I Th., Leth. Pal., I, 3 
Lief., 1897, p, 569.— Walther, Zeits. d. d. geol. Gesell,, XLIX, 1897, 
pp. 250, 253.— Grabau, Bull. BuCfalo Soc. Nat. Sci., VI, 1899, p. 119; 
Bull. Buffalo Soc. Nat. Sci., VII, 1001, p. 133; Bull. New York State 
Mus., IX, 1901, p. 133. — Ruedemann, New York State Mus., Mem. 7, 
1904, p. 591. 

Dictyograplus Hopkinson and Lapworth, Quart. Journ. Geol. Soc. Lon- 
don, XXXI, 1875, p. 667. — Mobero, Geol. Foren. Stockholm Forhandl., 
XVI, 1894, p. 236.— Tornquist, Geol. Foren. Stockholm Forhandl., XVI, 
1894, p. 380. 

A very complete history of this genus (consisting of about forty 
pages of typewritten manuscript) was compiled by Doctor Gurley, 
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but a review and also a discussion of the generic characters was pre- 
sented by Doctor Ruedemann before the Gurley manuscript came 
into his possession. To Doctor Ruedemann 's excellent work the 
reader is referred. 

Genotype. — Dictyonema retiforme (Hall). Niagaran (Rochester) 
shale, New York. 

DICTYONEMA RETIFORME (Hall). 

Oorgonia ? rcteformis Hall, Rep. Surv. 4tli Geol. Dist New York, 184S, 
p. 115, text fig. 1. 

Dictyoneina retiformis Hall, Nat. Hist New York, Pal., II, 1852, p. 174, 
pi. 40F, figs. 1 a, &. — LiNCKLAEN, 14th Rep. New York State Cab. Nat. 
Hist., 1861, p. 55, pi. 7, fig. 1.~Hall, Geol. Surv. Canada, Decade 2, ISfta, 
p. 12, fig. 10; 20tli Rep. New York State Cab. Hist., 1868, p. 178. text 
fig. 11 (rev. ed., 1868, 1870, p. 210, text fig. 11 ) .—Nicholson, Men. 
Brit. Graptolltldse, 1872, p. 129, text fig. 69. 

Dictyoneina retiforme Spencer, Can. Nat, X, 1882, p. 165; Trans. Acad. 
Sci. St Louis, IV, 1884, p. 573, pi. 3, figs. 1. 2; Bull. Mus. Univ. State 
Missouri, 1, 1884, p. 23, pi. 3, figs. 1, 2. — Miller, Nortb Amer. Geol. and 
Pal., 1889, p. 185, text fig. 168.— Pocta, Syst SU. Centre Boheme, VIII. 
1894, p. 192.— Gurley, Joum. Geol., IV, 1896, pp. 96, 308.— Roemeb and 
Frech, Leth. geog., I Th., T^th. Pal., I, 3 Lief., 1897, p. 575, text fig. 
145.— Grabau, Bull. New York State Mus., IX, 1901, pp. 133, 134, text 
fig. 27; Bull. Buffalo Soc. Nat Scl., VII, 1901, p. 133, text fig. 27.— 
Ruedemann, New York State Mus., Mem. 11, 1908, p. 155, text fig. 64. 

This fine species, the genotype of Dictyonema^ is a well-known 
although rather rare form in the Niagaran (Rochester) shale of 
New York. In Canada the species is confined to the earthy dolomites 
and shales beneath the chert bed of the more typical dolomites. 
Doctor Gurley has prepared the following redescription, based upon 
the types and other specimens studied by him : 

Polypary rather strongly radiate, with the branches usually about 0.8 mm. 
wide (a few as narrow as 0.6 mm., a few swelling out to 1 mm., particularly 
immediately below a bifurcation) ; about 15-17 in 25 mm. of width in the basal 
portion, and in young specimens frequently somewhat more slender, more tor- 
tuous (with slight tendency to zigzag) and somewhat farther apart; the inter- 
spaces consequently as wide as, or slightly wider than, the branches. Dissepi- 
ments mostly transverse (some are slightly oblique, a few very oblique); 
generally slender (about 0.2 mm.), but a few reach 0.3 mm., or rarely 0.4 mm. 
Meshes mostly oblong; a number of careful measurements has shown me that 
the most usual (the typical) length is on the average 1.5 mm. (between 1 and 
2 mm.), but longer ones are seen, from covering up or destruction of the inter- 
vening dissepiments, which condition in favorable cases can be proven. "^ Rarely 
two successive dissepiments are not farther apart than 0.5 mm. This almost 
invariably results from the two dissepiments diverging from a common point of 
origin on one branch. 
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Doctor Ruedemann has published the following on the species : 
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It is by no means so common in our Niagara beds as one should suspect from 
its long bibliographic list or conclude from the direct statement of some anthers 
that it is abundant in the New York rocks ; in fact, it is one of the least common 
of the graptolites of our Rochester shale and all the references are excerpts of 
Hall's original description. I have seen altogether not more than half a dozen 
8|)ecimens, including Hall's types, and have not been able to find one which 
would reveal the form of the thecse. 

Remarks. — D, retiforme is a remarkably stately graptollte, possessing wide- 
open, funnel-shaped rhabdosomes, fragmentary specimens of which with a 
diameter of no less than half a meter have been observed ; and the size of the 
branches and the meshwork are coarse in proportion. Pocta has compared it to 
the Bohemian D. grande Barr[ande], also a Siluric form, and i)ointed out the 
differences l>etween the two. 

Horizon and locality, — The two specimens here figured are from 
the more shaly strata (beds 9-11 of section) beneath the cherty dolo- 




"^m^^ 




Figs. 19, 20. — Dictyonema retiforme Hall. A small rhabdosome showing the 

CENTRAL PORTION AND A PORTION OF A LARGER SPECIMEN. 

mite at Hamilton, Ontario. Both specimens are in the Spencer col- 
lection. The types of the species are in the American Museum of 
Natural History. 

DICTYONEMA CRASSIBASALE Gurley. new species. 
Plate 8, figure 1. 

Dictyonema gracilis Spencer (not Hall), Canadian Nat., VIII, 1878, 

p. 458 ; X, 1882, p. 165. 
Dictyonema gracile Spencer, Trans. Acad. Scl. St. Louis, IV, 1884, pp. 573, 

574, pi. 2, figs. 2, 3; Bull. Mus. Univ. State Missouri, I, 1884, p. 24, 

pi. 2, figs. 2, 2a, 3. 

This abundant species has hitherto been identified in the Hamilton 
collections as Dictyonema gracile Hall, but close comparison with 
Hall's types led Doctor Gurley to propose the above new name. 
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After quoting Hall's description of D. gracile^ Spencer says of the 
present form : 

In this species the branchc^s are ranch more slender than in D. retiforme, 
averaging alx)ut half a millimeter in breadth and twice that distance apart 
The branches are regularly arranged and form fan-shaped fronds, but many 
specimens indicate the cyathiform structure while living. Though the margins 
are generally even, yet In one fine specimen the terminations of the branches are 
irregular. The fronds converge to what is evidently a noncelluliferous radicle, 
and in size the finest specimens are as much as 10 cm. high and 6.5 broad. 




Figs. 21, 22. — Dictyonema crassibasale, new species. Two rather smalu bhabdo 

SOMES SHOWING THE PROXIMAL PORTION. 

The transverse filaments, which are noncelluliferous, are from four to five 
times as far apart (sometimes much farther) as the branches; or are frequently 
obliterated, or almost so. The texture is corneous. 

The celluliferous structure is shown in very few specimens. However, one 
specimen in particular, which I obtained from Mr. A. E. Wall«er, of Hamilton, 
removes all doubt as to the character of the cellules. On one side of the brancb 
there is a slender solid axis, in the other there are inserted cylindrical calycles 
which i)enetrate the common canal (or coenosarc) almost to the axis. The cells 
have their own distinct cell walls; they are cylindrical in form, about 0.5 mm. 
long and 0.35 mm. in diameter. The portion of the cell towards the orificp 
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overlies the base of the next cell, so that there are from 25 to 32 calycles In the 
length of a centimeter. More frequently only circular, or ellipsoid, elevated 
(sometimes depressed) points mark the former abodes of the iiolypltes, which, 
being surrounded by a denser texture, have not yielded to the pressure which 
lias flattened the walls of the common canal. The irregular strife and depres- 
sions on the stipes and branches are probably occasioned by the unequal flatten- 
ing of the canal and cellullferous portions of stipes. 

This species is the most easily obtained of the fossils of the group, though 
good, specimens are very uncommon. Generally we must identify them by the 
relative size and arrangements of the branches and filaments, or, in more ver- 
ted specimens, by the form of the frond. 

Doctor Gurley described D, cvdssibasale as follows : 

Polyparj% sometimes attaining a great size (one si>ecimen indicates a diam- 
eter for the whole polypary of nearly half a meter), usually, however, of more 




FlO. 23. DICTTONEMA CBAS£>IBASALE, NEW SPECIES. 

BHABDOSOME. 



A COMPRESSED INFUNDIBULIFOBM 



moderate dimensions, cyathlform, consisting of parallel branches which radiate 
almost straight outward, but which are slightly flexuous in portions of their 
course. Their typical width is 0.5-0.0 mm. Some, however, especially distal ly, 
are as narrow as 0.4, and a few of the basal branches reach 0.8 mm. The 
branches are set 25-30 in 25 mm. of width, the number tending to rejich the 
lower figure proxlmally and the higher figure distal ly. Distally, also, especially 
in fragments of large polyparies, the branches are sometimes as many as 35 In 
25 mm., but not, I believe, except where distortion has occurred, perhaps from 
the dissepiments being more delicate In the younger portions of the polypary, 
or from greater post-mortem dissociation of the more flexible distal jwrtion. 
Distally, too, the branches not infrequently, even in a normal polypary, will be 
seen to be quite tortuous and the meshes more irregular. Bifurcations occur 
at irregular and increasingly longer intervals. They are U-shapetl, their sides 
often tending to bow outward and then to approach each other above. It is 
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especially around the bifurcations that the meshwork tends to depart from 
regularity and the branches to become flexuous. The dissepiments are all very 
Blender, and are very numerous. They are all transverse or only very slightly 
oblique. Most of them are 1 mm. apart, though on a general average there 
may probably be as few as 20 in 25 mm. The greatest distance between con- 
secutive dissepiments seems about 1.5 mm. Occasionally two may be very 




close together (0.4 mm.). Of course, being so very slender and the branches 
being comparatively stout, it often happens that an apparently well-preserved 
ix)lypary may show the branches well preserved though the dissepiments have 
suffered. The meshes are rectangular, except where flexuoslty of the branches 
renders them irregular. The thecte, or rather indications of them in the form 
of oval elevations, are frequently well preserved, so frequently and so well 
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that this feature serves^in Hamilton collectlous, as a rather good mark of 
the si)ecies. They are al>out 55-60 in 25 mm. 

Horizon and locality. — By far the most common species of the genus in the 
chert-dolomite series at Hamilton, Ontario. I count 38 specimens, which in- 
clude only a few (selected from many) in the Hall and New York State collec- 
tions; also one in the Spencer collection labeled ** Dictyoncma gracile,'* 

In normal polyparies this species is easily distinguished from D. gracUc. Its 
most characteristic features are the fibrous root, the heavier polypary, espe- 
cially the much heavier branches at the base, the much more numerous dissepi- 
ments, and the fewer branches in 25 mm. of width, and (in Hamilton collections) 
the often well-preserved thecal elevations. Distal fragments of the two species 
(which, moreover, are rather more apt to be worn) are not always so easy to 
separate; but those of the present species are apt to be very extensive and 




Pig. 25. — Dictyonema crassibasale. xkw stecies. Ruabdosomk pheservino thu 
fibrous proximal portion and showing the thec«, xl.5. 

somewhere to yield characteristic marks. T'sually, of course, they are to be 
identified by comparison with more i)erfect specimens. 

The species to which this is most closely related is certainly D. splendens. 
Of tliat species I have but one specimen, so that I am unable to determine what 
range of variation it may present. Of the present one, however, I have nearly 
forty si>ccimens, and with no one of them could I consider Billing's specimen 
as coep<»ciflc. 

After a careful study I am convinced that this is the six^cies which Spencer 
describes as D. gracile Hall. I base this opinion on his figures, particularly 
figure 3, the thecfe in which could, as fnr as the material before me goes, only 
belong to this species; and on his statements that it has a ** noncelluliferous 
radicle," and that it is the species most easily obtained. Indeed, this species 
may be known in Hamilton collections by its very great frequency, it being by 
far the most common 8i>ecies. 
82651— Bull. (>5— 09 3 
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Cotypes.—C^i. No. 55297, U.S.N.M.; Nos. 13502, 13504, Walker 
Museum, University of Chicago. 



DICTYONEMA POLYMORPHUM Gurley. 



Plate 4, figure 4. 



Dlctyonema tcnellum Spencer, Trans. Acad. Scl. St. Louis, IV. 1SS4. pi. 1. 

fig. 13 (not the description, p. 576) ; Bull. Mus. Univ. State Missouri 

I, pi. 1, flg. 13 (not the description, p. 26). 
Calypiograptus subretiformis (part) Spencer, Trans. Acad. Scl. St. Ix)ui», 

IV, pi. 4, flg. 2 ; Bull. Mus. Univ. State Missouri, I, 1884, pi. 4, fig. 2. 
Dictyonema polymorphum Gurley Ms., Ruedemann, New York State Mus.. 

Mem. 11, 1908, p. 158, pi. 2, fig. 3; pi. 3, figs. 4, 5, 6; p. 160, text figs. 

60-72. 




Figs. 26, 27. — DirTYoxEMA polymorphum Gurley. 26, Rhabdosome retaining disk 

(PLESIOTYPE) ; 27, A COMPRESSED SPECIMEN (HOLOTTPE) WITH CENTRAL PORTIOS. 

(See also Pl. 4, fig. 4.) 

Doctor Gurley's elaborate description of this species has been pub- 
lished by Ruedemann,^ but is repeated here for the sake of com- 
pleteness : 

Polypary originally cyathiform, circular or flabellate on the rock, wben 
flabellate often evenly semicircular in the largest specimen seen, 85 mm. In 
diameter; originating In and sessile upon a carbonaceous "disk,** which in 
one specimen is seen to have Its walls riddled with porea Branches measur- 
ing 0.6 mm. in width on the average, hardly ever as narrow as 0.3 mnL (as 
Si)encer states them to average), 0.4 mm, being, with rare exceptions, the mini- 
mum and 0.8 the maximum. Branches varying equally in character, being 
sometimes nearly straight, at others irregularly sinuous, and Inosculating, as 
in Deamograptus. Occasionally the adjacent margins of two branches coalesce. 
The branches end in long drawn out, spike-like points. Very oft^i — usually, 
In fact — shortly before their termination, they bifurcate, U like, the termina- 

« New York State Mus., Memoir 11, 1908, p. 158. 
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tlon thus being forcepslike. This mode of ending is quite characteristic of the 
species. Apparently this spike-like forking of the branches may occasionally 
take place in the wall of tlie polypary below the summit, and the spikes then 
seem to serve the same purpose as dissepiments, bracing the polypary. As the 
fossil usually lies on the stone, the number of branches in 25 mm. of width is 
exceedingly variable, generally from distortion. In places where the polypary 
is evenly and smoothly laid out and the meshwork perfectly regular, however, 
the number is about 22 (20-25) near the base and -about 25-30 at the periphery. 
The dissepiments are of medium thicltness (about 0.15-0.4 mm.) and are either 
perpendicular or highly inclined (say 45"*) to the branches, and this combina- 
tion in the same specimen forms a striking feature of this species, a feature 
well shown in Spencer's figure (text fig. 29). Meshes very variable in shape, 
corresponding to the irregularity in the branches and dissepiments. In one 
specimen I find meshes from 1.5 to 6 mm. long, but the longest are in one or 
two cases demonstrably subdivided, and prob- 
ably 3 mm. is about the greatest length. From 
obscure indications the thecie seem to be set 
about 50 in 25 mm. (Spencer gives the number 
as 60.) 

One siiecimen (text flg. 26) in the Hall col- 
lection shows the base fairly well preservetl. 
This measures about 12 by 8 mm. and shows a 
miique structure. The margin is in places 
sharply defined, and is either convex or con- 
cave. The surface is uniformly dotted with 
very numerous elliptic or circular pores, which 
hardly reach 0.2 mm. in the greatest diameter, 
and which have a well-defined rim-like margin. 
They seem to have a somewhat regular arrange- 
ment, in rows and are separated by interspaces 
narrower than their own diameter. The tex- 
ture of this " disk," like that of the network, is 
cart)onaceous. 

Horizon and locality, — Twenty-four specimens 
from the Niagara chert and glaciated chert 
beds, Hamilton, Ontario. 

In this count are included two specimens in the Spencer collection, labeled 
Talyptograptua suhretiformiH,'' While these two specimens are very poor, still 
without question they belong here and not with C. subretiformis. On the other 
hand, it is quite evident to me that these two si>ecimens are of the species which 
famished the basis for Spencer's figure 2, which differs considerably from his 
figure 1, and his figure 2 should, therefore, I believe, be added to the synonymy 
of D, tenellum. 

This species is exceedingly variable in appearance. It is sometimes spread 
out circularly, sometimes flattened fiabelliformly from the side. Its most 
characteristic features are the average thickness of 0.6 mm. (not 0.3 mm., as 
Spencer's text states), their number of 20-25 in 25 mm. of width in the proxi- 
mal and of 25-30 in the distal portion of the polypary. But In this species, 
more than In others, it is possible to get almost any number, unless the place 
for counting be carefully chosen, where the meshes are regularly laid down 
and not distorted. Further, the combination in the same specimen of transverse 
dissepiments and of dissepiments inclined at about 45"* to the branches, with, 




Fig. 28. — Dictyonbma poly- 
horfucm gcrley. one of 
Spencer's types of Calypto- 
graptus subretiformis. 
(After Spencer.) 
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In other places, modes of connection (coalescence of approximated lateral nitr- 
gins, curving together and entire fusion of adjacent branches) usual in Z>e*- 
mopraptus, thus producing a great variety of mesh form, constitutes a striking 
feature in the present species. 

This species is one of the most common graptolites in the Rochester 
shale of New York, as well as in the limestone at Hamilton, Ontaria 
Quoting Doctor Ruedemann: 

This form is easily distinguished from l>oth its associated congeners, D. trti- 
forme and D, gracilc, by its more irregularly bent branches and the obllqoe 
direction of the dissepiments. By these characters it seems to lead directly to 
Calyptograptus subretifonnis Spencer with which it is also associated. 




i 



Fig. 29. — Dicttoxema polymorphum Gurley. Spencer's figured type of Dictyoxxma 

TENELLUM. (AFTER SPENCER.) 

Holotype (selected by Ruedemann). — Cat. No. 54278, U.S-N3I. 
Plesiotype, — Walker Museum, University of Chicago, No. 13517. 

DICTYONEMA SUBRETlFORME (Spencer). 

Cnlf/ptograpsufi snhrelifnrmiji Spencer, Canadian Nat., VIII, 187S, pp, 4,1 \ 

460. 
Calyptograptus svbrctifomiis Spencer, Trans. Acad. Soi. St. Ix>uis. IV, 1SS4, 

p. 578, pi. 4, fig. 1 (not fig. 2) ; Bull. Miis. Univ. State Missouri, I, 18S4, 

p. 28, pi. 4, fig. 1 (not fig. 2). 
Dictyonema subrctiformc Ruedemann. New Yorlc State Mus., Mem. 11, 1908, 

1). 1G2, pi. 2, figs. 1, 2. 

This species is closely related and similar to the preceding form, D. 
polymorph urn, both of which have been described and illustrated by 
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Buedemann. Spencer's original description, with additions from his 
description of 1884 contained in brackets, is given below : 

Frond circular, but cyathlform In its growing state. There are numerous 
bifurcating branches, which in the fossil condition imi)erfectly unite or overlie 
each other, producing a liind of fine network with irregular sub-rhomboidal 
[ellipsoidal] interstices. In texture it is corneous, having the branches marked 
with striations of a sub-rhomboidal form. 

In this species the branches are much finer (but little more than one-eightieth 
of an inch in width [0.35-0.75 mm.] ) than in C. cyathiformis, with more numerous 
and irregular bifurcations, producing a netted appearance. The original matter 
is often replaced by pyrites. The fronds are not generally more than two inches 




Tigs. 30, 31. — Dictyoxema subrbtiformb (Spencer). 30, One of SrENCER*a types op 

ClLYTTOGRAPTCS 8UBRETIPORMIS. (AFTER SpBNCER.) 31, A LARGE EXPANDED RHABDO- 
80MB FROM THE ROCHESTER SHALES OP NbW YoRK. (CoPIKD FROM RUEDEMANN.) 

in diameter. Only a few sitecimens have been found, and these show fvnne 
varietal differences. 

This species was found in the Niagara limestone [princiimlly in the shaly dolo- 
mites beneath the chert bed], Hamilton, Ontario, by ('olonel (Jrant. 

To this description Gurley adds the following: 

Measurements of a number of branches show that these nearly all fall between 
0.4 mm. and 0.0 mm., 0.4-0.5 being the dimensions usual in the distal portion for 
tbe branches exclusive of the terminal twigs. The more proximal stems meas- 
ure 0.6 mm., and the thickest seen (in one siJecimeli only) reached 0.8 mm. Cor- 
responding to the straggling asi)ect of this si)ecies almost any number of branches 
may be counted transversely, but if portions be selected where the branches are 
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at fairly regular distances apart and the meshes consequently of pretty unifomi 
width, the number will be found to be about 25 (say 23-27). 

Ruedemann « says, in connection with the ^generic position of the 
species : 

As both Spencer's drawings and our material show, these [generic] characters 
are not retained in his second species, C subretiformis. The latter clearly pos- 
sesses dissepiments, which, however, are so oblique that they appear as bifurca- 
tions [see Spencer's figure, here copied.] Dictyanema polymorphum Gurley indi- 
cates transition from a typical Dictyonema with rectangular meshes to this 
irregularly meshed form. The clearly closer relationship of the present species 
to Dictyonema polymorphum than to C, cyathiformis has induced us to place it 
under the former genus and to restrict Calyptograptu8 to forms which retain tlie 
diagnostic characters of the genotype. 

DICTYONEMA TENELLUM Spencer. 
Plate 2, figure 4. 

Dictyonema tenella Spenceb, Canadian Nat., VIII, 1878, pp. 45S, 459. 
Dictyonema tcnellum SrENCEB, Canadian Nat., X, 1882, p. 165 ; Trans. Acad. 

Sci. St. Louis, IV, pp. 564. 576 (not pi. 1, fig. 13) ; Bull. Mus. Univ. 

State Missouri, I, pp. 14, 26 (not pi. 1, fig. 13).— Miller, North Amer. 

Geol. and Pal., 1880, p. 185.— Gubley, Joum. Geol., IV, 1896, pp. 96,306. 

The original description is as follows: 

Frond cyathiform in growing state, but usually circular, although occasional 
specimens have a flabellnte form in the rock. The branches are uniform, nearly 
parallel, and radiate from the center with very few bifurcations ; in width tliey 
vary from one one hundred and twentieth to one-eightieth of an inch, but uni- 
form in the same specimen. The branches are connected at short intervals by 
transverse dissepiments ; while the margin of the frond is remarkably constant. 
The surface is striated, and the texture has a corneous character like that of tlie 
other siiecles of this group.^ 

« New York State Mus., Mem. 11, 1908, p. 164. 

^ Here is interi)olated in the description of 1884, a paragraph which I footnote. 
being convinced that with the exception of the statement tliat "between the 
branches there are not usually spaces as great as (or greater than) their own 
width," it has no reference to the sjiecies now under consideration. 

" In the best 8i)ecimens distinct ellipsoid pits are arranged along the sides 
of the branches, marking the positions of the calycles, these having the longer 
diameter equal to half a millimeter and their shorter occupying two-thirds of the 
width of the stiiie. There are about twenty-four of these calycles arranged 
longitudinally in the length of a centimeter. In specimens less perfectly pre- 
served the bars connecting the branches are almost obliterated, and in those in 
a better state of preservation they are placed from 2 to 3 mm. apart, wliile 
between the branches there are not usually spaces as great as (or greater than) 
their own width.'* 

Respecting the species to w^hich he does refer, I can only say that in my expe- 
rience, D, crasaibasale more usually than any other species, has the thecse pre- 
served, and that those structures in crassibasale could be described in about the 
words used. But in no si)ecies could be both 0.5 mm. long, and 24 in 1 cm. — 
R. R. Gurley. 
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As the connecting filaments are very fine, owing to imperfect preservation, 
they are not always distinct over the whole surface of the frond. This species 
is easily distinguished from D. gracilis — even in fragments — by the branches 
being exceedingly fine (about one-hundredth of an inch in width), with scarcely 
that distance between them, and with no approach to the dendritic form of that 
species. The frond maintains its character even in the young state. The larg- 
est frond is three and one-half inches in diameter. 

It occurs In the Niagara limestone [dolomitic limestones of the cherty beds 
and in the underlying more shaly rocks; 1884] at Hamilton, Ontario. The speci- 
men described was obtained by Lieutenant-Colonel Grant, and presented to the 
writer. 

Spencer's description of 1884 adds, that the dissepiments are very 
deUcate, and the margin entire. He further says: 

This species is easily distinguished from D. gracile [=D. crasaihdsale Gurley] 
by the branches being much finer, less diverging, and with more bifurcations, 
by the transverse bars being more closely arranged, and by the frond being 




PlOS. 32, 33. — DiCTTONEMA. TENELLCM SPENCER. 32, A SMALL EXAMPLE PRESERVING THE 
BASAL PORTION. ( BY R. S. BaSSLER.) 33, A LARGER RHABDOSOME. 

regularly circular, with no general bush-like form like that seen in most 
specimens of D. gracile [craasibaaale]. The largest frond is 9 cm. in diameter. 

Gurley 's description of the species is as follows : 

Polypary cyathiform, in the flattened state radiating from a center ; proximal 
extremity only Indistinctly visible in one specimen (text fig. 32), appearing to 
eonsist of some kind of a bulbous or fibrous root. Branches straight, mostly 
0.3-0.35 mm. wide; a few as narrow as 0.25; occasionally one as wide as and 
none wider than 0.4 mm. Number of branches transversely in 25 mm., proxi- 
mally about 45, distally 50-55. Interspaces consequently rarely as wide as and 
usually much narrower than branches. Minimal length of meshes about 0.5 
mm., maximum about 1 mm. Thecse invisible. Dissepimenta of about medium 
thickness, straight or oblique. 

The identification of this species I consider thoroughly made out. There is no 
other S[)ecie8 at Hamilton, at least in my experience, to which Spencer*s orig- 
inal description could refer. But in 1884 Spencer figured as Z>. tenellum a 
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totally different species, tlie one I have named D. polymorphum. It Is fety 
important to note that his description, too, has become tinctured with forelp 
elements, the whole of the second paragraph, with the possible exceptioD of tlie 
statement that ** between the branches there are not usually spaces as great as 
(or greater than) their own width," having no application to the present. specie 

Horizon and locality. — Not uncommon in the Niagara dolomite, 
chert, and glaciated chert at Hamilton, Ontario. 

The originals of text figure 32 and Plate 2, figure 4, are in the 
National Museum, while the third figured specimen (fig. 33) belongs 
to the Spencer collection. 

Plesiotypes.—Csit No. 55300, U.S.N.M. 



DICTYONEMA STENACTINOTUM Gurley. new species. 
Plate 3, figure 2. 

Gurley's description of this fine new species follows: 

Polypary flabelllform, included within an angle of 35*, somewhat obscure 
at base; branches 0.6-0.8 mm. wide (in places apparently as narrow as 0.4 mm^ 

but they are there not fnUy 
exposed, as the same 
branches elsewhere show 
in their course the full 
width) ; mostly parallel, in 
places curving irregularly, 
cfl using distortion of tie 
meshwork ; set 17-18 in 25 
mm. of width. Dissepi- 
ments slender or thick, sev- 
eral reaching 0.6 mm. and 
but for their position being 
virtually indistinguishable 
from a nearly transverse 
branch. The majority are 
transverse, though many are 
more or less and some are 
quite oblique. Most are 
parallel-sided ; a number are 
triangular. In general the 
meshwork is regular, the 
meshes rectangular. The 
most regular meslios vary in length between 1.5 and 2.5 mm. Distorted meshes 
may be as short as 0.5 mm., though more usually 1 mm. Is the minimum. Only 
obscure indications of thecse are seen. 

The iibove description refers to the type-specimen alone [fig. 34]. One other 
si)eclmen [text fig. 35, PI. 3, fig. 2], from approximately the same horia>n. 
exhibits a general resemblance to the type, but with some diflCerences. It may 
l>e described as follows : 

Polypary known only in the form of a fragment of the meshwork: branches 
heavy (0.8 mm. wide), parallel, diverging only very slightly, bifurcating cor- 
respondingly rarely (the few successive bifurcations visible are 12-20 mm. 
apart) ; set 15 or 16 in 25 mm. of width. Dissepiments when unworn probably 





Figs. 34, 35. — Dictygnema ste.nactinotum, new 
species. 34, holotyl'k. 35, a khabdosomb re- 
FERRED SOMEWHAT DOrBTFULLY. (SEE ALSO PL. 3, 
FIG. 2.) 
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4*% always heary (0.4, 0.6, 0.8 mm.)* though as seen they are B(»netlme8 slender, 
I'A usually transverse, sometimes oblique. Meshes coarse, rectangular, about 3 
^ i mm. or more in length, though occasionally one is seen as short as 1.5-2.5 mm. 
}^ Apparently the length may reach 5 or even 6 mm., but in one mesh of this 
:«• character two Intermediate dissepiments can be made out on close observation. 

8o that the superficial aspect of the fossil is not to be implicitly trusted. 
^ Careful comparison with the three species (wehsteri, retifonne, percrassua) 

to which this form comes nearest, shows it to be distinct from all : from the 
y- last two it may be known by the absence of the rapid radiation of the polypary. 

^ Horizon and locality. — Two specimens in National Museum, both 
from the Niagara dolomite, Hamilton, Ontario. 
Holotype and paratype. — Cat. Na 55299, U.S.N.M. 

DICTYONBMA EXPANSUM SpcMcer. 

Dictyonema cxpansum Spencer, Trans. Acad. Sci. St. IjOuIs, IV, 1884, pp. 
564, 575, 576, pi. 2, fig. 1; Bull. Mus. Univ. State Missouri, I, 1884. pp. 
14, 25, 26, pi. 2, flg. 1.— GuBLEY. Journ. Geol., IV, 189G, pp. 96, 308. 

Spencer's original description is as follows: 

Frond flabelliform, composed of slender, expanding, and bifurcating branches, 
diffusely arranged, and united laterally by slender filaments (often wanting) ; 
branches irregularly striated ; texture corneous. 

This species is clearly related to D. gracile in the relative size of the branches, 
but these are much more diffusely and Irregularly arranged, with greater inter- 
spaces, which are from t^i'o to four times the width of the branches. The 
tronsA'erse filaments occur less frequently than In D. gracile. Fragments of this 
species are not always easily distinguishable from /). gracile, although the 
branches are looser and more spreading. The tyt>e s|)eclmen Is 8 cm. high and 
about 16 broad, rising from a united base of five or six stipes. 

Formation and locality. — Niagara limestones at Hamilton, Ontario. 

Doctor Gurley describes a specimen of this species as follows: 

There Is in all the Hamilton collections but one specimen which I could by 
any possibility refer to Spencer's expansum. It niay be described as follows: 

Polypary 120 mm. high and 235 mm. broad; flabelllformly compressed, semi-, 
circular In outline, consisting proximately of eight parallel branches, and higher 
up of numerous branches, which are approximately straight (or with long, 
sweeping curves) and subparallel; the extreme lateral ones perpendicular to 
the median line of the polypary, nearly straight, the whole curvature occurring 
proximally in a short turn. Width of branches pretty uniformly 0.8 mm., one 
being occasionally seen 1 mm. wide. Distal ly the s|>eclmen Is so worn that 
It Is hard to say whether the full width is maintained to the periphery or not, 
but a few unworn branches there measure 0.8 mm. The branches are every- 
where set about 17 in 25 mm. of width. Concerning the number of dissepi- 
ments, nothing can be said, the specimen being too much worn. No thec« are 
visible. 

Horizon and locality. — One specimen In Spencer's collection, labeled Dic- 
tyonema retiforme, from the Niagara dolomite, Hamilton, Ontario. 

I can not say that I feel entire confidence in the identification, but I think 

this is Spencer*s species. As above remarked, it is the only one in the collec- 

. tions which could be expUnswn, and It agrees as well with Spencer's descrip- 
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tion, and particularly with his figure, as a poorly preserved specimen coqU 
be expected to. Parenthetically, I may say that it seems distinct from all Uie 




other species at Hamilton. Among Its distinctive marks may tentatively be 
named : The perpendicularity of the extreme lateral branches of the median 
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line of the polypary, and the restriction of the curvature of the branches within 
a short space toward their proximal end, the approximately straight course of 




the branches, and lastly, of course, the measurements. According to Spencer, 
the dissepiments are fewer than in D, crasaibasalc (his gracih). 
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DICTYONEM A PILIRAMUS Gorley. new tpeciM. 

Gurley's description of this species is as follows: 

Polyi«ry varying from flabelllformly compressed, nearly and regularly spmi- 
circular, about 25-30 mm. in radium to flnbellate expansions 14 or won* nu. 

39 





Ptgs. 38, 39. — DierTONEMA filiramus, new species. Two small shaboosoiies. 

In diameter. Hrnncbes straigiit or uniformly curved, mostly 0.3 mm. wide, 
reaching 0.4 mm., e^iKX^ially near the base; set aiwut 40 in 25 mm. (7-9 in 
5 mm., the strong radiation 
preventing <*ountlng for 
longer distances.) Bifurca- 
tions narrow, tending to 
V-sliape. Dissepiments ex- 
ceedingly fine; rather uni- 
formly 1 mm. aiiart, occa- 
sionally two as close together 
as 0.5 mm.; quite uniformly 
transverse. Meshes quite 
regular, rectangular. Too 
few thecae are visible to per- 
mit of any accurate estimate 
of their number, but they 
seem to be something like 
KX) or more in 2.1 uim. 

Tlorizon and locality, — 
Not uncommon in the 
dolomite and chert at fkj. 40— dictvonkma filiramus, new spbcies. a 
Hamilton, Ontario. bhabdusome of medium size. 

Cotypes.—CnL No. 55303, 1\S.X.M. 

DICTYONEMA DESMOIDES Gurley. new species. 
Plate 4, figure 3. 
Giirley describes this species as follows: 

Polypary cyathlform, fiabelllformly compressed, tending to spread rather 
widely, with branches 0.5 luni. (0.4-0.0 mm.) wide, the central ones usually 
straight, or only slightly undulate, the lateral ones diverging moderately, or 
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sometimes extremely and often undulate or more or less tortuous, and really or 
appar^itly fusing Dcsmoffraptus fashion. In places where the meshwork is 
laid down evenly and without distortion there are about 30 branches in 25 
mm. of width. Proximally the number may perhaps be somewhat less (say 27). 
Distally, especially laterally, where the branches are reflexed, and, in some 
places crowded, there may be 35 in 25 mm., a condition pertiaps due to distortion. 
The interspaces then are, in general, narrower than the branches, and much 
narrower distero-laterally, where the latter are crowded. The dissepiments 
are heavy (0.2-0.4 mm. thick), and apparently somewhat remote, but the exact 
42 
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Figs. 41— 4.1. — Dictvonema dbsmoides^ nkw species. 41, The holotypk, a small but 

RATHER COMPLETE RHABD080ME. ( By R. R. BASSLKR.) (SEB ALSO PL. 4, FIG. 3) ; 42, 
43, PARATYPES. Two FRAGMENTARY RHABD080MBS. 

distance cannot be stated. Meshes rectangular, elliptic, or irregular. Thecae 
obscure, but apparently about 50 in 25 mm. 

Horizon and locality. — Niagara chert, Hamilton, Ontario. 
Holotype, — New York State Museum, Albany, New York. 
Paratype.—Csii. No. 55304, I^S.N.M. 

DICTYONEM A PERCRASSUS Gurley. new species. 

Doctor Gurley 's description is as follows: 

Portion of the iwlj-pnrj' seen (incomplete proximallj) flabellate. radiating 

rather rapidly, the width increasing, in one 
specimen, in the longitudinal or radial dis- 
tance of 30 mm. from 8.5 to 38 mm. and the 
branches from 7 to 21. The width thus in- 
creases more rapidly than the branches. The 
increased space is, however, taken up by the 
increased thickness of the branches, which, 
in proceeding from the base, rapidly increase 
to a width of about 0.8 mm. and at the 
I)eriphery may reach 1 mm. Proximally a 
few are as narrow as 0.4 mm., but nearly 
nil are 0.5 mm., dnd some measure 0.6 mm. 
Distally the interspaces are quite or very 
nearly as wide as the branches, but never 
wider. Proximally, however, they are about li times as wide as the branches 
or (with the narrowest branches) even a little more. Proximally the number 




Fig. 44. — Dictyonema percrassus, 
.kbw species. a fragmentary 
rhaboomome. 
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of branches is about 20 in 25 mm. of widtli. Distally it ranges from 14 to 
17. The dissepiments are not verj' slender (reaching a width of 0.2 mm. 
ad max.), straight or oblique, sometimes two diverging from a common point 
of origin on the branch. Length of meshes probably (when all the dissepi- 
ments are preserved and visible) not much exceeding 2 mm. The dissepiments 
are, in many places, obscure, but seem usually to be 1.5-2.0 mm. apart. Smalleet 
complete meshes about 1 mm. long. Branches obscurely striate. Thece 
Invisible. 

Horizon and locality. — Glaciated chert beds, Niagara formation, Hamilton^ 
Ontario. 

This species is characterized especially by the very great thickness of its 
branches, the general radiating aspect of the polypary, and the small number of 
branches transversely. 




Fig. 45. — DiCTTONEMA PEBCRASSUS^ NEW SPECIES. RHABDOSOME WITH BASAL ATTACHMBST. 

Cotypes. — Collection of Walker Museum, University of Chicago, 
No. 13511; Spencer collection. 

DICTYONEMA SPENCERI Gu.ley, new tpecies. 
Plate 4, figure 1. 
Doctor Gurley's description follows: 

Polypary circular or flabelliform, consisting of heavy branches, mostly about 
0.8 mm. wide, some as narrow as 0.6 mm., set about 17-20 in the proxinwl 
portion and usually about 20-22 in 25 mm. of width in the peripheral portion 
of the polypary, nearly straight, subparallel, with about 4 or 5 bifurcations in 
their course toward the periphery. Dissepiments usually slender, though an 
occasional one reaches 0.5 mm., usually 1.5-2 mm. apart, and in many caws 
a 3 mm. interval is seen without any trace of an intermediate dissepiment sub- 
dividing this long mesh. But in other cases similar long meshes are seen, on 
close inspection, to be subdivided by an intermediate dissepiment Meshes sul)- 
quadrangular. 

Horizon and locality, — Five specimens from the Niagara chert, Hamilton, 
Ontario. 
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This species has the branches slightly thicker and somewhat more numer- 
ODS than in D. retiforme, which it most resembles. It Is therefore a closer form 
than retiforme, the interspaces usually tending to be narrower, or at least not 
wider than the branches. e8i)eclally distally, where, on the contrary, in D, 
retiforme, the tendency is for the interspaces to be, relatively to the branches, 




FlO. 46. — DiCTYONEMA SPENCRRI, NEW SPECIES. HOLOTYPB. (SEE ALSO PL. 4, JIG. 1.) 

widest, this condition resulting from a tendency of its branches to spread too 
rapidly for bifurcation to keep pace with the spreading. This of course shows 
in the number of branches in 25 mm. of width, which at the periphery of D, 
retiforme tends to sink to say 15. 

H olotype. —Ceit No. 55301, U.S.M.A. 

DICTYONEMA PARALLELUM Gurley, new species. 

Plate 4, figure 2. 

The description by Gurley is as follows : 

Polypary originating from a fibrous root; consisting of 
rigid, wiry, parallel, little-diverging branches, mostly 0.4 
mm. wide, but reaching 0.6 mm. in the proximal portion ; 
set 35-40 transversely in 25 mm. Meshes correspondingly 
narrow, being usually about one-half as wide (but, from 
slight curving of the branches, may for short distances be 
as wide) as the branches. Bifurcations not numerous. 

Branches connected laterally both by slender, transverse 
dissepiments, and in places by transverse bands of epi- 
dermis; the latter about as wide as the branches. Judg- 
ing from the few seen, the dissepiments are about 2.5 mm. 
apart, but this may easily be erroneous, as intermediate ones may have been 
destroyed. The epidermis over the branches Is in several places crossed by 
transverse lines which probably mark the position of thecae. These lines are 
approxiniately half a millimeter apart (corresponding to about 50 thecse 
m 25 mm.). 

This species is easily recognizable by the rigid, wiry branches, very thickly 
set, with corresftondlngly narrow (nearly obliterated) meshes. 




Fig. 4 7. DiCTYO- 
NEMA PABALLELCM, 
XEW SPECIE.^. 

HoLOTYPE. (See 

ALSO PL. 4, FIG. -2.) 
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Horizon and locality. — Niagara dolomite, Hamilton, Ontario. 
Collector, Col. C. C. Grant, 

Holotype, — Collection of Walker Museum, University of Chicago, 
No. 13505. 

Genus CALYPTOGRAPTUS Spencer. 

Calyptograpnus Spencer, Canadian Nat., VIII, 1878, p. 458. 

Calyptograptus, Lap worth, Quart, Joum. Geo I. Soc. London, XXXVI I. 
1881, p. 173.— Spencer, Proc Amer. Ass. Adv. Sci., XXXI, 1883, p. 364; 
Trans.. Acad. Scl. St. Louis, IV, 1884, pp. 562, 577; Bull. Mus. TTniT. 
State Missouri, I, No. 1, 1884, p. 27.— Miller, North Ajner. Geol. and 
Pal., 1889, p. 175.— GuRLEY, Journ. Geol., IV, 1896, pp. 93, 308.— Ruede- 
MANN, New York State Mus., Mem. 11, 1908, p. 163. 

Doctor Ruedemann^ publishes the following on this genus: 

Spencer has erected the genus Calyptograptus for sereral species of the Nl- 
ngaran of Hamilton, Ontario, which are principally distinguished from tbe 
similar genera, notably Dictyonema and Callngraptus by the absence of trans- 
A'erse dissepiments. In the first diagnosis it is stated that ** In ap])earaDce and 
texture this genus resembles Dictyoneina, but the branches are [apparently] ail 
independent, not being connected by transverse dissepiments as in tbat genua 
and are only united in one mass at the root " [although some of the brandies 
touching each other have occasionally all the appearance of connecting fila- 
ments]. This statement has later (1884) been qualified by the same author by 
the additions here placed in brackets, both of which tend to admit the occasioQal 
presence of dissepiments. The absence of the dissepiments and the independ- 
ence of the branches down to the root, which may be considered as additional 
diagnostic characters of the genus, find their strictest expression in C. cyathv 
formis the form which is cited as the genotype by Miller [N. Am. Geol. and 
Pal. 1889, p. 175.1 

CALYPTOGRAPTUS CYATHIPORMIS Spencer. 

Calyptograptus cyathifortnis Spencer, Canadian Nat., VIII, 1878, pp. 458. 
460; Trana Acad. Sci. St. I^uis, IV, 1884, pp. 564, 578, pi. 3. fig. 8; 
Bull. Mus. Univ. State Missouri, I, 1884, p. 28, pi. 3, fig. 3.— Mma 
North Amer. Geol. and Pal., 1889, p. 175, fig. 145.— Gurlet, Joora. 
Geol., 1896, pp. 93, 308. 

The following is Doctor Spencer's original description, the haxk- 
eted portions being taken from his description published in 1884: 

Frond cyathlform, with numerous bifurcating branches, united only at tbe 
base, with no lateral processes; the axis consists of* a black corneous substance, 
which Is striated longitudinally. The fallen frond has some of the branclwa 
overlying each other, forming a coarse [giving somewhat the appearance of an 
irregular] network. The radicle consists of a well-marked, thick, comeow 
mass. 

The branches are about three-hundred ths of an inch in breadth [rather over a 
millimeter]. The si>ecimeu under consideration is most interesting. Wben 



« New York State Mus., Memoir 11, 1908, p. 163. 
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obtained the frond bad a general flabellate form witb the radicle well marked, 
baying branches radiating to nearly a semicircle; but on trimming the speci- 
men the portion of the stem with radicle was chipi)ed off and revealed the 
remainder of a beautiful frond which was now shown to be circular — [the . 
frond having been bent partly over In the mud, and having the lower portion 
covered before the whole was flattened in the sediment] thus proving the 
fannel-shaped character when 
living. This fossil is 2^ inches 
in diameter, and from the 
base of the root to the top of 
the branches it measures 1 
iach and a half. 

It occurs in the Niagara 
limestone [beneath the chert 
at the " Jolly Cut "] at Hamil- 
ton, Ontario. 

The description of 1884 
. also adds that the branches 
are divided into two or 
three small terminations 
which probably mark the 
beginning of new 
branches, and that only 
one specimen, 




Calyptooraptus cyathifobmis Spenceb. 
Copy of Spenceb's figube. 



cm. m Fig. 48 

diameter, and 4 cm. from 
the base of the root to the top of the branches, was found. No 
additional specimens were noted in the more recent collections, so 
the species is undoubtedly very rare. 

CALYPTOGRAPTUS MICRONEMATODES Spencer. 

Calyptograptus micronematodcs Spencer, 
Canadian Nat., X, 1882, p. 165, nomen 
nudum; Trans. Acad. Sci. St Louis, IV, 
1884, pp. 564, 579, 588, pi. 3, figs. 4, 4a ; 
Bull. Mus. Univ. State Missouri, I, 
1884, pp. 14, 29, 38, pi. 3, flgs. 4, 4a. 

Calyptograpsus microneniatodes Gubley, 
Journ. Geol., IV, 1896, pp. 93, 308. 

The original description is as follows: 

Frond oyntliiform in Us growing state, with 
numerous lateral branches originating from the 
older stipes. The branches overlie each other, 
nnd may be united in some cases, but without 
true crossbars. The whole frond has an anas- 
tomose appearance with Irregular rhomboidal 
Interstices. The texture is corneous (though sometimes replaceil by pyrites, 
and the surface is marked with longitudinal stria tions, which in some places 
82651— Bull. 65—09 4 




FjG. 4D. — Calvi'tugraptl s >i i 

CRONE UATODES SPEMCER. CitVx 

or Spenceb's fig l be. 
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appear to represent the position of a solid central axis. The terminations of tlie 

branches end In two or three points. The branches in this species are very 

delicate being about n quarter of a millimeter broad, and each branch is not 

• more than from 1 to 2 millimeters in length, before it 

overlaps or touches the adjacent stipe. The greatest 

diameter of the frond is not more than 4 cm. Onlj 

two or three specimens of this beautiful little fnHid 

have been obtained. 

Formation and locality. — I obtained this species, 
near the base of the Niagara dolomite, at a quarry 
Just west of the " Jolly-cut-road/* Hamilton, Ontario. 

A single specimen of this species, repre- 
sented in figure 50, is at present extant in 
the Spencer collection. It does not permit of 
any substantial addition to the above descrip- 
tion. The branches show some longitudi- 
nal chitinous stria?, but there are no indica- 
tions of thecap or dissepiments. 




Pig. 50. — Caltptograptus 

MICRONBMATODES SpEN- 

ckr. plbsiotype in 
Spbncer collection 



CALYPTOGRAPTUS ? RADIATUS Spencer. 

Calpptograpfus f radiatus Spencer, Canadian Nat., X. 1882, p. 165, nomen 
nudum; Trans. Acad. Sci. St. Louis, IV, 1884, pp. 564. 580, pi. 4, flg. 3; 
Bull. Mus. Univ. State Missouri, I, 1884, pp. 14, 30, pi. 4, fig. 3. 

Calyptograpsus radiatvs Gurley. Joum. Geo!., IV, 1896, pp. 93, 308. 

The original description is as follows: 

Frond ellipsoid, but cyathiform in its growing State. Numerous delicate 
branches, with two or three bifurcations, radiating from a 
common radicle. Some of these touch or overlie each other, 
but they are quite unconnected. The texture is corneouj*. 
with the surface striated and marked with minute depres- 
sions or pits, which indicate the former position of the cel- 
lule. These depressions are about the fourth of a millimeter 
in diameter, with an equal space between. The branches are 
about one-third of a millimeter broad. The greatest diame- 
ter of the frond is less than 3 cm. Fragments of this species 
so resemble species of Callograptus that they could not 
be readily distinguished ; but in no si>ecies of the latter genus 
is the conspicuous funnel form apparent. 

Formation and locality. — This fossil occurs in the " cherty beds 
Niagara dolomite at Hamilton, Ontario. 




Fig. 51. — rALTpnv 

GRAPTl'S ? RADI 

ATDs Spencer. 
Copy OP Spejs 
cer's figure. 

of the 



Subgenus EHIZOGEAPTTTS Spencer. 

Rhizograpsus Spencer, Canadian Nat., VIII, 1878, p. 460. — Gurlet, Joum. 

Geol., IV, 1896, pp. 101, 308. 
Rhizograptus Lapwobth, Quart. Joum. Geol. Soc. London, XXXVII, 1881, 

p. 176.— Spencer, Proc. Amer. Ass. Adv. Sci., XXXI, 1883. p. 364; 

Trans. Acad. Sci. St. Louis, IV, 1S84. pp. 562, 580; Bull. Mus. Univ. 

State Missouri, I, 1884, p. 30.— Miller, North Amer. Geol. and PaL, 

1889, p. 202. 
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Below is given Do6tor Spencer's original description, with addi- 
tional characters, as published by him in 1884, placed in brackets. 

Frond flabellate, but cyathlform in growing state; bifurcating branches with 
dicbotomoas terminations; [stem terminating in a well-marked bulb] ; branches 
(marked with strise) more or less reticulated, and united, or overlaid b^' others. 

This genus is established on account of its bulbous root, which as yet has been 
found in no other siiecies of this family. The numerous branches closely overlie 
each other or are connected in the form of a network without transverse dis- 
sepiments, as in Dictyonetna. Fragments of these somewhat resemble species 
of Calyptograptus, but have a much more [regularly] netted appearance and 
the branches are much more delicate. 

Genotype. — Rhizograptus hulhosns Spencer. 

RHIZOGRAPTUS BULBOSUS Spencer. 

Rhizoffrapsus bulbosus Spencer, Canadian Nat., VIII, 1878, p. 460. — Qubley, 

Joum. Geol., IV, 1896, pp. 101, 308. 
Rhizograptus bulbosus Spencer, Trans. Acad. Sci. St. Louis, IV, 1884, p. 

580, pi. 4, fig. 4; Bull. Mus. Univ. State Missouri, I. 1884, p. 30, pi. 4. 

fig. 4.— Miller, North Amer. (ieol. and Pal.. 1889, p. 202, text fig. 215. 

The original description is as follows: 

Frond cyathlform in growing state; numerous 
bifurcating branches overlie each other, or are 
united at iK)iuts of contact to form a network, 
with fine, more or less irregular, rhomboidal in- 
terstices. The branches unite at base into a 
slender axis which terminates in a bulbous root. 
The branches are usually less than one-fiftieth 
of an inch wide, and in some si)ecimens short 
abrupt spinelike branchlets are given off. The 
texture is corneous. Only a few specimens have 
been obtained, except In fragments. Frond is 
about 2 Inches high. It was first found by 
Colonel Grant in the Niagara limestones [near 
the base of the ** chert bed " at the ** Jolly-cut " ; 
18841 at Hamilton, Ontario. 

Doctor Ciurley's notes on this species are 
as follows : 




Fkj. r>2. — I{hiz(m;rai»ti .s bulbo- 
sus Spencer. The type-spkc- 
iMEx. (After Spentkr.) 



The description of 1884 adds that the axis Is athecaphorous; that the strije 
along the branches (which vary in thickness from 0.25 to 0.33 mm.) appear 
to mark the depressions of the common canal l>etween the original i)osltions of 
the polypites; that the thecal apertures have an ellipsoid form, and there are 
about 4 orifices in 1 mm.; and that on the side of the branch opposite the 
theca is a " solid axis." 

After a careful examination of Rhizograptus bulbosus, in which the pseudo- 
meshwork is well preserved, I can find no criteria to justify its generic dis- 
tinction from the Calyptograptus series, now that the basal "disk" has been 
found in the latter. While I would provisionally recognize Rhizograptus as a 
subgenus, I can not define it, and I think it probable that further study of large 
collections will lead to its entire suppression. The only difference I can see is 
a somewhat different aspect of the branches, which seem of a more rigid tex- 
ture, more knotty and zigzag-flexuous than any of the Calyptograptus species. 
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Genus ODONTOCAULIS Lapworth. 

Odoniocaulis Lafwobth, Quart. Journ. Geol. Soc. London, XXXVII, 1881, 
p. 176.— PocTA, Syst. Sil. Centre Boheme, VIII, Pt. 1, 1894, p. 171.— 
RuEDEMANN, Ncw Yofk State Mus., Mem. 11, 1908, j). 172. 

Doctor Gurley remarks on Odontocaulis as follows : 

This genus was thus established by Lapworth for forms which virtually com- 
bined two characters: (1) Absence of dissepiments, and (2) a polyplf^tias 
stem. Its only distinction from Dictyonetna and Callograptus lay in theee two 
features. But in O. occidentalis we find dlssetiiments alonif t^iih the iJolypifer- 
ous stem. Whence there is now no generic distinction whatever between these 
two Odontocatilis species and the CaUograptus species at the same horizon, 
except the single one of the thecffi on the stem. But it is not at all Improbable 
that this is merely n question of better preserA^ation, well-preserved stems being 
thecate. At least, of the two specimens of O. occidentalis, both showing the 
stem, one shows thecae perfectly, the other only very obscurely. 

Having said this, however, a contingency may i)roi)erly be noted. May it 
be possible that all the Callograpti at this horizon huve thecate steins (In 
other words, all be referable to Odontocaulis) ? There is, I think, some ground 
for such a surmise. As Holm has said for Dictyoncma, so now for CaUograp- 
tus, the very great geologic range of the genus is a reason for suspecting the 
validity of the generic reference of the species. May it not then be possible 
tiiat, compelled as we are for the most part to deal with and to bs.ae our 
species upon fragments of the meshwork, we are confounding two series ; say, 
for illustration,^ a series lower Ordovician (Calciferous) in distribution, and 
a series upi)er Silurian (Niagara) in distribution, t)oth sehies agreeing in type 
of meshwork (probably a character of subordinate biologic value), but differ- 
ing in characters of the l>ase. At present there is nothing to negative snch a 
view. Until we know the proximal portion of the type species (C salteriy this 
reasoning must, of course, remain purely a possibility. But in a review like 
the present a clear outlining of future possibilities may be justifiable. Cer- 
tainly only under some such condition, it seems to nie, would Odontocaulis 
stand much chance of ultimate retention. Its provisional retention 1 think 
advisable, pending a fuller knowledge of the condition of the base in the 
remaining Niagara CaUograptus species. At present its most distinctive char- 
acters seem to be: Polypary arising from a single stem, which is e:tpanded 
proximally into a **disk" and is thecaphorous along one side; distal branches 
more or less connected hy dissepiments. 

Genotype, — OdontocauUs keepingiluapworth, Llandovery, of Devils 
Bridge, Aberystwyth, Cardiganshire. 

ODONTOCAULIS QRANTI (Spencer). 

CaUograptus granti Spencer, Canadian Nat., X. 1882, p. 165, nomm nudum: 
Trans. Acad. Scl. St. Louis, IV, 1884, pp. 564, 571, 572, pi. 1, fig. 10: 
Bull. Mus. Univ. State Missouri, I, 1884. pp. 14, 21, 22. pi. 1, fig. lO.— 
Gurley, Journ. Geol., IV, 1896. pp. 93, 308. 

The original description is as follows: 

Frond originating from a single stipe; branches slender, and bifurcating 
two, three, or four times, and principally originating near the common radfcle. 



» For illustration only, and as a pure surmise of the possibilities of the case.— 
R. a. Gurley. 
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Fia. 63. — Odontocadlis 

GBANTI (SPENCES). A 
RHABOOSOMB AND A 
BRANCH OK 8AMB EN- 
LARGED. (.VftbrSpen- 

TKR. ) 



In spreading gently above In undulations tli^ branclies are more or less parallel 
and situated closely together, and are connected occasionally witb exceeding 
fine transverse bars. The texture is corneous, with the 
surface obliquely striated and marked with ellipsoid pits, 
which in some places indicate the orifices of the cells, of 
which there were about two for every millimeter of 
length of branch. The branches are rarely connected 
by minute crossbars. 

The general outline is that of a regular oval form, 
whose length, in the most perfect specimens, is 3 cm. (be- 
sides the common stipe, which extends another centi- 
meter), and breadth, 2 cm. The branches are not more 
than a quarter of a millimeter broad, while the stipe is 
about double that thiclcness. 

This exceedingly l>eautiful frond in general appear- 
ance closely resembles C. salteri of the Quebec group 
bat somewhat smaller, though there is some variation 
in the size of this species. 

Formation and locality. — This species occurs on the shaly surfaces of the 
Niagara dolomites at Hamilton, Ontario. 

Gurley's notes are as follows: 

Of this si)ecies five specimens, certainly conspecific, were 
seen. The one figured in text figure 54 differs slightly from 
Spencer*s figure in having the branches somewhat more 
closely arranged, but in spite of this the Identification seems 
to me almost certain. This specimen has about 50-55 
branches in 25 mm. of width. The branches are about 0.25 
mm. wide. The dissepiments would seem to liave been some- 
what numerous; being very delicate, however, most of them 
are covered or destroyed. 

One siieclmen In the Si)encer collection shows the basal 
stem and the proximal iK)rtion of the polypary. Dissepiments 
are present The basal stem bears two distinct thecse at its 
summit and obscure indications of them below. It is some- 
what expanded at its lower end. appearing as though beginning to expand into 
a "disk.'* C. granii then belongs to the Odontocaulis sec- 
tion, whatever, may ultimately prove to be the taxonomlc 
rank of that section. 

Horizon and locality. — Five specimens: One In Spencer 
collection, one in New York state collection, and three in 
U. S. National Museum collection; all five from the Niag- 
ara formation, Hamilton, Ontario. 

Pledotype.—C2Li. No. 55305, U.S.N.M. 

ODONTOCAULIS OBPYRIPORMIS Gurley. new species. 

This new species is based on a single specimen in 
the Spencer collection, and is described by Gurley 
as follows : 




Fig. 54. — Odonto- 
caulis GBAXTI 
( Spencer ). An 
i ncomplete 
sbabdosome. 




Fio. 55. — Odontocad- 
lis OBPYBIFOBMIS, 

new specie.s. 
View of the bolo- 

TTPE SHOWING 
RHABOOSOMB AND 
STEM ENLARGED. 



Poljrpary pyriform. broad end distal, 22 mm. long by 15 
mm. broad, arising from a thecate stem extending about 
2.5 mm. l)elow the mesh work and there broken off; bearing three thecffi, intro- 
verted somewhat as in the Dicranograptidae. Reticular portion of the polypary, 
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arising at summit of stems by diciiotomy, the branches likewise dichotomizing, 
the total number of divisions, including the primary, being five or six. In 
form they are U-shaped. Branches 0.3 mm. wide throughout, except at tbe 
extreme base where 4.0 mm. is reached. Peduncle 0.6 mm. wide. Branches set 
in the proportion of 27 in 25 mm. Dissei)iments fairly numerous, being, in gome 
places, as close together as 1 mm. 

Horizon and locality. — One specimen from the Niagaran chert, 
Hamilton, Ontario. 

ODONTOCAULIS OCCIDENTALIS Gurley. new speciei. 

Guriey's description and remarks upon this new species are as 
follows: 

Polypary peduncnlate-cyathlform showing in both specimens an under layer 
separated by a ** cliff" of roclc from and exactly corresponding to the upper 
layer, as in Dictyonema, originating in a stem plainly tbecaphorous. but not 
preserved as far down as the dislc, with a virgula (?)" 0.2 mm. wide. Stem 
0.8 mm. wide to the apices of the thecae; 0.6 mm. to the bottom 
of the depressions. (Jreatest height seen 38 mm., of which tiw 
stem takes ui) 11. Thecae 40 in 25 mm. Polyimry spreading 
at once unilaterally, almost rectangularly, from the summit 
of the stem and a little higher up for about 30** to the other 
side. Branches 0.4 mm. in diameter, flex nous, set rather dis- 
tantly and quite variably, but mostly about 25 in 25 mm. 
Dissepiments present, but few and remote. Thec» visible In 
few places on branches. 

Besides the above characters, the figured specimen shows the 
basai disk, the initial dichotomous division at the summit of 

P^Q ^Q Odon- *^^ stem, dissepiments, and the cyathlform character of the 

TOTAULis oc- l>olyi>ary, the lower layer l>eing visible underlying a "cliff" 
c I DENTAL- of Tock. Ou the stem I think I can trace thecse, but they are 
IS, NEW sPB- too obscure to siKJak certainly. 

CIBS. A RATH- 
ER COMPLETE Horizon and locality. — Niagara chert, Hamilton, 

RHABDOSOME. O^tariO. 

Cotypes.—Csit. No. 55306, U.S.N.M. ; Walker Museum, University 
of Chicago, No. 13514. 

Genus CYCLOGRAPTUS Spencer. 

CycU.graptUR Spkncer, Canadian Nat.. X, 1882, p. 165, nomcn niiJtfiR; 
Proc. Amer. Assoc. Adv. Scl., XXXI, 1883, p. 365; Trans. Acad. Sci. St 
Louis, IV, 1884, pp. 563, 51)2; Bull. Mus. Univ. State Missouri, I, 1884, 
p. 42.— Miller, North Amer. Geol. and Pal., 1889, p. 182.— Gubley. 
Joum. Geol., IV, 18J>6» pp. 04, 309.— Ruedemann, New York State Mus., 
Mem. 11, 11K)8, p. 182. 

'Tt certainly bears some appearance of being a true virgula. Were tlie 
stem alone and tlie roclt stated to l)e Ix)wer Silurian, no one would hesitate to 
I)ronounce it a virgula. But as this Is the only case in these Upiier Siluriso 
Dendroidea where I have seen any close resemblance to a virgula, doubt is iHit 
natural.— B. R. Qurley. 
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Id this genus, the frond consists of a circular dlsl( which was probably cup- 
sbaped in its growing form, though flattened in a concave manner in the rock. 
From the radicle many stipes radiate through the noncelluliferous disk to its 
margin, and thence in a free manner to some distance t>eyond. The whole 
frond resembles a solid wheel, where the radiating spokes extend from the center 
regularly to beyond the circumference. The branches beyond the disk are cellu- 
llferous. The stipes have a central solid axis. The substance is highly 
corneous, though in some places replaced by pyrites. 

Doctor Ruedemann has reviewed this genus in his monograph, to 
which the reader is referred for comparisons between this and related 
genera. 

Genotype. — Cyclograptus rotadentatus Spencer. 

CYCLOGRAPTUS ROTADENTATUS Spencer. 

Cyclograptus rotadentatus Spenceb, Canadian Nat, X, 1882, p. 166, nomen 
nudum; Trans. Acad. Scl. St. Louis, IV, 1884, pp. 565, 592, 593, pi. 6, 
figs. 6, 6a ; Bull. Mus. Univ. State Missouri, I, 1884, pp. 15, 42, 43, pi. 6, 
figs. 6, 6a.— Miller, North Anier. Geol. and Pal., 1889, p. 182, text 
fig. 162.— GuRLEY, Journ. (ieol., IV, 1896, pp. 94, 309.— Ruedemann, 
New York State Mus., Mem. 11, 1908, p. 184, pi. 2, fig. 5. 

Doctor Spencer's original description is 
given below : 

Frond circular, with numerous stipes radiating 
from a common center and projecting like a toothed 
wheel beyond the margin of a noncelluliferous disk. 
The frond was probably cup- 
shaped when growing, with 
the stii)e8 projecting upward 
like a row of spines or tent- 
acles, but in the rock the fos- 
sil is flattened and slightly 

convex. The stipes originate In the center and are con- 
nected about half their length by their continuous non- 
celluliferous membrane. Each stii)es after passing beyond 
their solid disk divide into two branches about halfway 
between their extremities and the margin of the disk. 
The branches or stipes are traverseil by a central cylin- 
drical, smooth, solid axis surrounded by their common 
canal, which is sometimes only represented by a central 
depression or elevation, but occasionally its form is well 
preserved. The rarely indicated cell openings are represented by minute oval 
depressions in the substance. The texture is highly corneous (or replaced by 
pyrites). 

The diameter of the frond is 2 cm., and of the disk 1 cm.; the radiating 
branches extend half a centimeter beyond the disk, and number between 25 and 
30, but, as each is divided, the frond Is surrounded by about 60 points. The 
branches (both through the disk and free portion) are rather over half a milli- 
meter broad, but the terminals are scarcely more than half that thickness and 
«d in sharp points. 





Fio. 57. — Cyclogbaptus rota- 
dentatus Spbnceb. Copy 
OF Spbnceb's figure. 



Fig. 58. — Cyclogbap- 
tus BOTADBNTATUS 

Spenceb. A large 
specimen fbom the 
Clinton gboup, 
Clinton, N.Y. (Af- 
ter Rueobmann). 
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Formation and locality. — This perfect little species was found in the dolomite 
of the Niagara formation proper, near the base of the series, at the quarry jost 
west of the " Jolly-cut " road at Hamilton, Ontario. 

Doctor Ruedemann has recently figured a specimen referred to this 
species, found in the upper part of the Clinton, at Clinton, N. Y. 
(See text, fig. 58.) Except in the matter of size, this example does not 
differ from the original type. 

Genus INOCAULIS Hall. 

InooatUia Hall, Amer. Joum. Sci. (2), XI, 1851, p. 401; Nat Hist Nevr 
York, Pal., II, 1852, p. 176; 20th Rep. New York State Cab. Hist, 18K» 
p. 218 (rev. ed., 1868 [1870], p. 252).— Nicholson, Mon. Brit Grapto- 
UtidsB, 3872, p. 131.— Spencek, Trans. Acad. Scl. St Louis, IV, 1! 
pp. 562, 583; Bull. Mus. Univ. State Missouri, I, 1884. p. 33.— Mil 
North Amer. Geol. and Pal., 1889, i). 393.— James, Joum. Cincii 
Soc. Nat. Hist., XIV, Pt 2, 1892, p. 101.— Pocta, Syst Sil. Centre 
heme, VIII, Pt 1, 1894, p. 197.— Elles and Wood, Mon. Brit Grapto*" 
lltes. Pal. Soc., 1903, p. xxxlv.— Ruedemann, New York State Mna, 
Mem. 11, 1908, p. 3^5. ' 

Hall's original description of this genus is as follows : 

A plantlike, corneous coral, with numerous bifurcating branches; atroetiire 
fibrous or plumose. 

The texture of this coral is similar to the Graptolites, a black scaly cnist or 
film being all that remains of the substance. From the specimens examined, it 
appears to have grown in groups, with rounded or flattened stems, which are 
dichotomous above and more or less spreading. The structure is too peculiat 
to be mistaken or to be referred to any established genus. 

Genotype, — Inocavlis plumvlosus Hall. Niagaran of New York 
and Canada. 

The characters of both the genus and its type species have been 
discussed by Doctor Ruedemann in his monograph. 

INOCAULIS PLUMULOSUS Hall. 

" " ? Hall, Rep. Surv. 4th Geol. Dlst New York, 1843, It 

116, fig. 1. 

Inocaulis plvmulosa Hall, Nat. Hist. New York, Pal. II, 1852, p. 176, pL| 
40G, figs. 2a, 2b; Geol. Surv. Oniada, Can. Org. Rem., Decade 2, 1865.^1 
18, fig. 26 ; 20th Rep. New York State Cab. Hist., 1868, p. 185, text fig.' 
28 (rev. ed., 1808 [1870], p. 215, text flg. 28).— Nicholson, Mon. Brit 
Grnptolitidffi, 1872, p. 132, text flg. 73. 

Inocaulis plmnulosus Spencer, Trans. Acad. Scl. St. Louis, IV, 1884, p. 58^, 
pi. 5, fig. 1 ; Bull. Mus. Univ. State Missouri, I, 1884. p. 34, pL 5, fifr 
1.— Miller, North Amer. Geol. and Pal., 1889, p. 193, text fig, 183.- 
RuEDEMANN, New York State Mus., Mem. 11, 1908, p. 188, pi. 2, flg. 45 
pi. 7, figs. 1, 2. 
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Doctor Gurley's manuscript contains an elaborate description of 
this species, but the description and remarks published by Doctor 
Ruedemann are more to the point and are reproduced below : 

Hall bas ^ven the followiog diagnosis of this species : 

Stems flattened, dichotomous ; structure fibrous or plumuluse, apparently 
composed of imbricating elongated scales or fibers which spread equally on 
all sides. 

This coral is not abundant, though small fragments are frequently seen 
in the slab. It is very often replaced by iron pyrites, and where the surface 




Fig. 59. — Imocaulis plcmdlosus Hall. A rather complete rhabdosomb. 

is exposed to weathering, the fossil soon disappears so that it is only on 
freshly fractured surfaces that the structure is preserved. 

It is cited as occurring in the "Niagara sliale at Lockport, Rochester, 
and other places." 
8p«icer has recorded the form from the Niagaran limestone at Hamilton, 
Ontario. 



Digitized 



by Google 



48 



BULLETIN 65, UNITED STATES NATIONAL MUSEUM. 



Gurley, in his manuscript, adds to the descriptions of Hall and Spencer in 
the following note : 

Two specimens from the Niagara formation, at Hamilton. Ontario, are 
figured, showing the blunt toothlike bodies and the apparently dentate mar- 
gin. While the appearance much resembles theese, it is impossible to make 
a positive statement on the material available. 
Prom a fairly large series of good sjiecimens we derive the following data 
on this important siiecies: 

The rhabdosome is arborescent in form; the branches divide dichotomouslj 
at Irregular intervals, forming initial angles of SO^-eO** but becoming later 
Rubparallel; of large dimensions (maximal length of largest fragment obsored 
14 cm., width of another 17 cm.), the stem near base 5 mm. thick, the branches 
quite uniformly 3 mm. The branches diminish hardly toward th^ distal ei- 

€0 





Fios. 60-62. — iNocAULis PLDMULosus Hall. 60, Portion of a branch, X "»; 61, 
Distal portion of branches showing tubular branchlets and impressions of 
THEIR apertures; 62, Terminal portion op a branch. 

tremities which are bluntly rounded. The stem is apparently smooth, the 
branches are thickly set with short tubular processes which project about 1 
mm. from the body of the branch, are of uniform width, directed upward and 
distally slightly bent backward and number, counted along the margin, about 
14 in 10 mm. On s[)eclmens where the body of the branch has weathered away, 
exposing the apertures of the reverse side, they are seen to be distributed about 
equally over tlie whole branch, being api)roximately arranged in quincunx and 
numbering about five in the width of the stem. At the extremities of the 
branch they form dense tufts. 

Remarks. — The general habitus of /. phijnulosa can be best described by a 
comparison with a Lepldodendron or a Lycoiwdium; it not only resembles 
thesp plants in the mode of its branching and the uniformly wide, blunt ending 
branches, but also in their scaly apj^a ranee. 

Hairs original and later improved figures give a good conception of the gen- 
eral appearance of the form. A more complete specimen from the Lockport 
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limestone at Hamilton is here reproduced in text figure 93 [59] by a pen 
drawing made under Gurley's supervision. In Plate II, figure 4 [text fig. 61] 
a portion of the same specimen which is partly weathered has been refigured 
to show the theeie. Where in unweathered specimens the perisark is partly 
broken away [as in text fig. 60], the circular sections of the composing tubes 
can be se^i and the whole branch is found to be composed of apparently equal 
tubes. 

The rhabdosome, when more complete than in the specimens hitherto men- 
tioned, forms a dense mass of overlapping branches, which on account of the 
frequent dichotomies and later reapproachments of the branches assumes to 
some extent the aspect of a huge Desmograptus. 

We have been unable to see in any of our or Spencer's rhabdosomes the 
central axis which he asserts to have observed In a number of specimens, and 
we doubt, from the general structure of this form, that such a thing as a 
central axis existed. 

Horizon and locality. — ^The type is from the Niagara shale of New 
York, and the specimen here figured (text fig. 59) from the same 
horizon at Hamilton, Ontario. 

Pl€»iotype.—CsLt No. 54281, U.S.N.M. 

INOCAULIS RAMULOSUS Spencer. 

InocatUis ramulosa Spencer, Canadian Nat.^ X, 1882, p. 165, nomen nudum. 

Inocaulis ramulosus Spencer, Trans. Acad. Sci. St. Louis, IV, 1884, pp. 
565, 588, 589, pJ. 6, flg. 1; Bull. Mus. Univ. State Missouri, I, 1884, 
pp. 15, 38, 39, pi. G, ftg. 1.— Gi RLEY, Jouru. Geol., IV, 1896, pp. 99, 309. 




FlO. 63. INOCADLIH BAMULOSCS SPENCBB. CoPY OF SpHNCEB'S FIGURB. 

The original description by Spencer is as follows: 
Frond consisting of numerous flattened bifurcating branches, originating 
In and radiating from a common radicle, composed of solid chitinous matter; 
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branches averaging 2 mm. In breadth for the larger and 1 mm. for the smalla; 
toward the margin of the frond, where the branchlets end in two (sometiiiies 
three) extensions of unequal thickness. Texture corneous, with the surface 
composed of scaly fibers. Extending longitudinally through the stipes are 
central or subcentral elevations (sometimes d^ressions), indicating a solid 
central axis. 

This species is descril>ed on two specimens, one of which shows the origin 
and base of the radiating branches, and the other the general frond, althougih 
the radicle is concealed. The extreme width of the typical specimen is 14 

cm., and the height 8 cm. 

In general form this spe- 
cies differs from /. plumulo- 
8U8 in that the branches are 
more slender and rise regu- 
larly and more abundantly 
from the sides of the main 
stipes, which radiate from a 
common origin and do not 
consist of groups of individ- 
ual fronds. The radicle ap- 
pears to have been attached 
to some rocky surface in 
the sea, and not to have 
grown on some muddy bot- 
tom. The cell-bearing stipes 
appear to have had a com- 
mon canal, through the cen- 
ter of which was a central 
solid axis, as is also indi- 
cated in /. cervicotTiis. 

Formation and locality.— 
These specimens were ob- 
tained in the shaly dolomites, below the ** chert beds " of the Niagara formation 
at the •* Jolly-cut," Hamilton, Ontario. 

Doctor Gurley's notes are as follows : 

Pol3rpary, in the single specimen seen, rising from a stem which gives off. in 
the proximal half of the i)ortlon visible, very few branches which, moreover, 
do not rebranch into a bushlike form, the bushlike branching occurring only 
in the distal half of the polypary. The only proximal branch distinctly seen 
bears a close spike of straplike processes (abortive branchlets?). Distally the 
polypary branches out bushlike, the main braiiches about 1 mm. thick. At or 
near the summit the branches subdivide into 2 or 3, usually unequal or sub- 
equal, terminal twiglets. The sides of the branches are usually slightly fringed; 
the processes hairlike, few and remote. 

The stems of this species remotely resemble those of Acanthograptus granti, but 
they are much more remotely and much more finely fringed, and in its ensemble 
this 8i)ecies has the branches less rigid and parallel than has A, graniu 

Horizon and locality, — Xiagaran (Lockport), Hamilton, Ontario. 
Pl€»iotype,— Cat No. 55314, U.S.N.M. 




Fig. 64. — Inocaulis bamulosus Spenceb. 
IN U. S. National Museum. 
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65. INOCADLIS CERVICORNIS SPBVCBB. 

Copt of Spkncbb'b wiQxnuL 



INOCAULIS CERVICORNIS Spencer. 

Inocaulis cervicomis Spencer, Canadian Nat., X, 1882, p. 165, nomen 
nudum; Trans. Acad. Sci. St. I^uia, IV. 1884, pp. 565, 587, pi. 5, fig. 5; 
Bull. Mus. Univ. State Missouri, I, 1884, pp. 16, 37, pi. 5.— Ourley, 
Joum. Geol., IV, 1896, pp. 99, 308. 

The original description is as follows : 

Frond consisting of stipes having a common origin and rising above into a 
few stout, widely extended, bifurcating branches, averaging from l.fi to 
2 mm. in breadth, and terminating in 
diehotomous points of equal thick- 
ness; texture corneous, with a striated 
sarface. 

Owing to the strlations the appear- 
ance of the surface is that of rough 
scales or fibers, somewhat resembling 
the exterior portion of /. plumu- 
loitts. In the growing state the 
branches appear to have been 
strengthened by longitudinal fibers — 
solid corrugations — and the cells to 
have been arranged vertically between ^''lo- 
them. A portion of the branches show 
a solid central axis, with a common canal surrounding it. The general arrange- 
ment of the branches resembles that of the horns of the American elk. 

The typical specimen consists of 6 principal stipes, each about 3 centimeters 
long, with only a few branches. These stipes are united by a common runner 
(in the botanical sense), so that the whole organism is 5 centimeters broad 
and 3 centimeters high. 

Formation and locality,— This rare and beautiful siiecies occurs in the shaly 
dolomites of the Blue Building beds of the Niagara formation at the " Jolly-cut," 

Hamilton, Ontario. 

A single specimen in the collec- 
tion of the U. S. National Mu- 
seum is known, but presents no ad- 
ditional information. 

INOCAULIS PHYCOIDES Spencer. 

InocauliH phyoddes Spencer, Cana- 
dian Nat., X, 1882, p. 165, no- 
men nudum, 

Inocaulis phycoides Spencer, Trans. 
Acad. Sci. St. Louis, IV, 1884, 
pp. 565, 588, pi. 5, figs. 6, 7; 
Bull. Mus. Univ. State Missouri, 
I, 1884, pp. 15, 38, pi. 5, figs. 
6, 7. — Gurley, Journ. Geol., IV, 
1896, pp. 99. 309. 

The original description is as fol- 
lows: 

Stem flattened and from 2 to 3 mm. broad ; branches fastiglate, and originat- 
ing on both sides of the principal stipe at frequent irregular intervals, and 
dividing near their terminations into two stout branchlets (from J to 1^ cm. 




Fig. 66. — Inocaulis phtcoides Spencbb. 
The typb-spfcimen and a branch bn- 
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long), each ending in dichotomous free i)oints. Texture corneous, with a sur- 
face apparently composed of scaly fibers. 

Of this species the fossils are not very well preserred. There is some indica- 
tion of a central axis. This species is easily distinguished from /. plumulosfu 
by the close, regularly arranged, parallel branches from each side of the princi- 
pal stipes and by their terminal branches. The fronds api)ear to have grown 
in groups, but whether tliey are connected at the base or not is unlmown. If not 
connected, the individual fronds (in the s[)ecimens under consideration) are 
about 4 cm. high and 3 broad, with from 3 to 5 principal branches on either 
side of the central st!i)e (the branches are more numerous on one side than the 
other). The character of the cellules is unknown. 

Formation and locality, — InocauHs phycoides occurs in the dolomitlc lime- 
stones of the Niagara formation at the " Jolly-cut '' quarries, Hamilton. Ontario. 

A specimen doubtfully referred to this species occurs in the Na- 
tional Museum collections, but shows nothing in addition to the above. 



INOCAULIS DIPPUSUS Spencer. 

InocauHs diffusa Spenceb, Canadian Nat., X, 1882, p. 165, nomen nudum* 
InocauHs diffusus Spencer, Trans. Acad. Sci. St. Ix)uis, IV, 1884, pp. 565, 
586, 587, pi. 5, flg. 4 ; Bull. Mus. Univ. State Missouri, I, 1884, pp. 15, 
36, 37, pi. 5, fig. 4.— GURLEY. Journ. Geol., IV, 1896, pp. 99, 308* 

This species was described by Spencer as follows: 

Frond originating in a single stii)e at base, and rising above in nnmeroiis 
widely extended branches averaging about a millimeter in breadth, with dicho- 
tomous terminations; branchlets origi- 
nating more frequently on one side 
than on the otiier. Texture corneous, 
with surface more or less regularly 
striated, leaving in some places small 
oval impressions (probably the ori- 
fices of the cellules). 

Of this species I have seen only 
one good specimen (and two inferior 
fragments which probably belong 
here). The frond is 6 cm. high and 
of still greater breadth. One of the 
branchlets of the dichotomous termi- 
nation is much more slender tlian 
the other (a sort of lateral pustule), 
indicating probably the commencement 
of the growth of a new branch. 

The general form of this species 
is like /. bellus (Hall and Whitfield), 
but it is much larger In size, liaving 
more diffused branches, with an en- 
tire absence of prong-like processes 
from its sides. 

Formation and locality, — ^The type 
of this species was obtained by (^olonel Grant, near the base of the **cherty 
bed " at the " Jolly-cut," Hamilton, Ontario, in the Niagara dolomite. 




Fio. 67. — iNOCArLis diffusus Spbnceb. 
Copy of Sfenceb's figure. 
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Doctor Gurley has the following notes based upon a specimen (text 
fig. 68) referred to this species by him : 

The (fragmentary) lK)lypary consists of a main stem the sides of which arc 
l)eeet with spinular processes similar to those found in 
InocavU^, The branching is at an acute angle (about 
35'). The main stem is about 0.8 mm. wide. The 
spinular processes are 0.5-0.6 mm. apart (too few are 
visible to state the number In 25 mm.). Besides these 
processes two others of a different character, 1 mm. 
long, are visible. They belong to the class regarded 
by Spencer as rudimentary branchlets. Both stem 
and branches are longitudinally striate, many distinct 
chitlnous fibers being visible. 

Horizon and locality, — Niagara limestone 
and chert, Hamilton, Ontario. 

Plesiotype.—Cvii. No. 55315, U.S.X.M. 




Fig. 68. — Inocaulis dip- 
pusus Spencer. Speci- 
men DESCRIBED BT GUR- 
LET. 



INOCAULIS DIPPUSUS CRASSIRAMUS Gurley, new variety. 
Plate 5, figure 2. 




Fio. 60. — Inocaulis dippusus crassiramus, new variety. Uolotypb. 

One specimen, which, judging from Spencer's figure and descrip- 
tion, seems to have the habit of /. diffuaus^ is described by Gurley as 
a variety as follows: 

Polypary consisting of numerous branches not widely radiating, 2 mm. wide 
ad max.; the smallest seen about 1 mm. wide; longitudinally striated by very 
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fine flbere: showing on the margins some blunt triangular processes, about 05 
mm. wide and projecting about 0.5 mm. from the stem and about 1 mm. apart. 
Fiom the present material it would seem as though these processes form a 
somewhat less prominent feature tlian in /. diffutsus and in /. u:alkeri^ but this 
is somewtiat doubtful. 

The principal difference between this variety and /. diffusus proper is the 
considerably greater thickness of the branches and the lesser prominence of tlie 
lateral blunt spines. The latter feature, however, may be a condition of 
presenation, and the former distinction may possibly be obliterated by a 
larger series of specimens. 

Horizon and locality. — Niagara dolomite (blue building bed), 
Hamilton, Ontario. 

Holotype. — Walker Museum, University of 
Chicago, Na 13507. 

INOCAULIS CONGREQATUS Ourley. new spccict. 

A single specimen in the collection of the 
Walker Museum is the basis of this species, 
described by Gurley as follows: 

Polypary consisting of a number (about 8 in the 
type-specimen) of approximated and parallel stems, 
which are set 20 in 25 mm. tran8%'ersely, and are 
simple for about 25 nun. Several bifurcate at tills 
level; the central ones, however, bifurcate about 10 
mm. higher up. Thickness of main stem about 1-1^ 
mm.; of branches nearly the same (about 1 mm.). 
Thecae obscure, the margins of the branches obscurely subserrate. 

Horizon and locality. — Niagaran formation, Hamilton, Ontaria 
Holotype. — Walker Museum, University of Chicago, No. 13508. 

INOCAULIS ? STRICTUS Gorley, new species. 
Plate 2, figure 6. 

The description by Gurley is as follows: 

Branches rigid, not spreading, but uph 
right and rather straight, bifurcating 
at a comparatively small angle (about 
45°), diminishing in width from 2 mm. 
at the proximal end of the fragment to 
1.5 (rarely to 1) mm, at the distal. 
Margins generally smooth, in one or two 
places subserrate. Successive bifurca- 
tions rather frequent (distant 5 to 10 
mm.). 




FlO. 70. — INOCAULIS COK- 
QREGATD8, NEW SPE- 
CIES. HOLOTTPB. 



?» 




Fio. 71. — IxocAULis? sTBicrrs, new spi- 

CIBS. HOLOTTPB. (SEE ALSO PL. t, 
FIO. 6.) 



Horizon and locality, — Niagara 
chert, Hamilton, Ontario; one 
specimen (the type) in the Spencer collection, one specimen in Grant 
collection. 



Digitized 



by Google 



DEia)BOID ORAPTOLITES OF HAMILTON, OKTABIO. 55 

INOCAUUS VEGETABILIS Gurley, new species. 
Plate 5, figure 1. 

Gurley describes this species as follows : 

A specimen in the New Yorlc State collection has the mode of growth charac- 
terlzhig /. phpcoides, but is very much stouter in every way, the thlclcness of 
the stem and main branches reaching 6 or even 7 mm. and the terminal branches 
measuring 3 and 4 mm. Still it Is not absolutely Impossible that the difference 
may be merely one of age or distance from the point of origin of the polypary, 
but there is at present nothing to show that this is the case. 

The substance is in this case preserved in places, and forms a thick, coal- 
black film with longitudinal strlatlons and furrowing corresponding to fibers 
and bands. No theCse are visible. 

Horizon and locality. — Niagaran (Lockport), Hamilton, Ontario. 
Holotype. — New York State collection. 

INOCAULIS ? THALLOSUS Gurley. new species. 
Plate 2. figure 5. 

Gurley describes this species as follows : 

Poijrpary 15 mm. long and 9 mm. In extreme breadth, consisting of a main 
stem about 1 mm. thick, from which proceed laterally at a little less than a right 
angle, branches about 0.6 mm. wide and about 5 mm. or less long The 
branches bifurcate about 1.5 mm. from the stem, and farther on redlvlde. 

Only a single specimen (obverse and reverse) of this species was seen. 
The species simply show as a stain (but a well-outlined stain) on the rock, 
with little or no evidence of graptollte structure. It is therefore possible that 
this species does not belong to the graptolltes, but at any rate It seems to be 
new and Is a part of the fauna. 

Horizon and locality. — Niagara limestone at base of chert, Hamil- 
ton, Ontario. 

Holotype. — Cat. No. 55316, U.S.N.M. The reverse is in the Spencer 
collection. 

Genus ACANTHOGRAPTUS Spencer. 

Acanthograpsvs Spencer, Canadian Nat., VIII, 1878, p. 461. 

AcantJtograptus Lapwobth, Quart. Joum. Geol. Soc. London, XXXVII, 
1881, p. 174.— Spencer, Trans. Acad. Scl. St. Louis, IV, 1884, pp. 562, 
581; Bull. Mus. Univ. State Missouri, I, 1884. p. 31.— Miller, North 
Amer. Geol. and Pal., 1889, p. 170. — Ruedemann, New York State Mus., 
Mem. 11, 1908, p. 191. 

The original description is as follows: 

Frond shrublike, consisting of thick branches, principally rising from near 

the base, with little divergence and some bifurcations. One side of the 

branches is furnished with prominent spines or dentaeles, which api)ear to 

mark the cell-apertures. Texture corneous and Indistinctly striated. This 

82651— Bull. 65—09 5 
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Pig. 72. ACANTHCKJRAPIUS QftANTI 

Spenceb. Copt op Spencer's 

PIOUUG. 



generic form resembles Dendrograpsus, but It Is stronger and more bnshy than 
species of that genus, and has conspicuous spines indicating a different cell 
structure [in whose axils the thecae were probably situated; 18841. 

Gurley adds in his manuscript to Spencer's definition of the gmus: 

This !s apparently a good genus, including several species which presat a 
very similar facies, principally in the plumulose branches with a tendency to 
a 2- or 3-spicate termination. But if this genus be altogether distinct fran 
Inocaulis (a ]x>int on which at present I do not feel positive), it is eertan^ 
here tliat Spencer's Inocaulis walkeri belongs. 

Genotype. — Acanthograptus granti Spencer. Niagaran (Lock- 
port), Hamilton, Ontario. 

ACANTHOGRAPTUS GRANTI Spencer. 
Plate 2» figure 1 ; Plate 3, figure 4. 

Acanthograpsua granti Spencer, Canadian Nat., VIII, 1878, pp. 458, 401, 462. 

Acanthograptus granti Spencer, Canadian Nat., X, 1882, p. 165; Trans. 
Acad. Sci. St. Louis, IV, 1884. pp. 564, 582, pi. 4. fig. 5; Bull. Mos. 
Univ. State Missouri, I, 1884, pp. 14, 32, pi. 4, fig. 5.— Gurley, Jorau 
Gool.. IV, 1806. pp. 92, 308. | 

The original description is as fol- 
lows: 

Frond shrublike, with thick branches prin- 
cipally originating near the base. Some of 
the branches are bifurcated and have the 
ends dichotomouR ; cell apertures on one side 
only, and indicated by prominent spin« 
which appear to be placed Ijelow them. The 
branches are sometimes the sixteenth of an 
inch broad, with spines in some places pro- 
jecting the twenty-fourth of an inch and 
ending abruptly. 

The larger fronds do not exceed tvo 
inches In height and sometimes have tlie 
same width. 

This species was first obtained [in the Niagaran dolomites; 18841 at Hamilton, 
Ontario, by Colonel Grant. 

The description of 1884 adds the following data : 

Surface longitudinally striated. Occasionally there are rudimentary denticles 
api>earing also on the opi)osite side of the branch as well as on that marked 
with tlie regular spinelike projections, of which there are 6 or 7 in the length 
of a ceutinioter of the stipe, which is characterized by obscure indications of a 
solid central axis. The branches average a millimeter in breadth, and the 
spines are sometimes a millimeter long, which in some places extend into tbe 
material of the stipe to its center. The flattened frond is usually 4 or 5 cni. 
high and about 4 wide, and consist of 15 or 20 branches at half its helglit 
which are somewhat more numerous at the summit, owing to occasional 
bifurcations. The whole frond originates from a common radicle. 
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The best preserved graptolites that are found at Hamilton occur on the shaly 
surface of the limestone, but this species is only found in the highly crystalline 
rock, and consequently, although the general form of frond is well preserved 
and very beautiful, the detailed structure is not shown us well as in the forms 
that tire found in the more perishable shaly rocks. 

Gurley adds the following : 

This species is easily recognizable among the now known Acanthograptus 
species by the very heavy branches, which very generally measure 1 mm. or a 
little more, though occasionally one as narrow as 0.8 mm. is seen. As regards 




Figs. 



73, 74. — Acanthograptus gbanti Spencer. 73, Distal portion op rhabdo- 

80ME, X 5; 74, A NEARLT PERFECT RHABDOSOME. (AFTER RUEDEMANN.) 



number, they are set rather irregularly, but usually there are about 15 In 
25 mm. of width. The specimens show no evidence of thecse or of a virgula. 

Plesiotypes, — Cat. No. 55310, U.S.N.M. Specimen figured on Plate 
2, figure 1, in Spencer collection. 

ACANTHOGRAPTUS WALKERI (Spencer). 

Inocaulis tcalkeri Spencer, Canadian Nat., X, 1882, p. 165, nomen nudum; 

Trans. Acad. Sci. St. Louis, IV, 1SS4, pp. 564, 585, 586, pi. 5, fig. 2; 

Bull. Mus. Univ. State Missouri, I, 1884, pp. 14, 35, 36, pi. 5, fig. 2.— 

Gurley, Joum. Geol., IV, 1806, pp. 99, 309. 
Acanthograptus tcalkeri Uuedk&iann, New York State Mus., Mem. 11, 1908, 

p. 194, pi. 6, figs. 1, 2 ; pi. 7, fig. 4, text figs., 97, 98. 
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Spencer's diagnosis reads: 

Frond strong, with spreading branches, the margin having a plumulose ap- 
pearance; structure corneous, with a central axis, and the surface covered with 
minute points representing the cell-apertures. 

This frond somewhat resembles /. plumulosus, but it is slighter, and the branches 
(not exceeding 1.5 mm. in thickness) are much more numerous and proceed from 
a single stipe. The type specimen has a height of 8 and a breadth of 6 cm. 

Formation and locality, — This species occurs in the Niagara limestones at 

Hamilton, Ontario. 

I 
Doctor Gurley describes the species as follows: I 

l*olypary of general dendroid aspect; main branches mostly 1-1.5 mm. thick. J 
a width of 2 mm. being only seen once, immediately below a blfurcatioiJ 
Branching not very regular. Usually at the proximal end several brancwB 
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Figs. 76. 77. — Acjls- 



'•. » THOGRAPTITS WAL- 

*l KERI (SPENCBB). 

FlO. 75. ACANTHOQRAPTUS WALKERI (SpKNCBR). TWO FRAaME>'TART 

Copy op Spencer's figure. specimens. 

are somewhat clustered, and diverge thence radiatingly. On one specimen 
which I hardly feel able to separate, the branching is rather more from a miM 
axis. The branches, especially the main ones, are thlcljly beset (spinoei 
shaggy) with the long, blunt, obliquely upward-directed denticles, which M 
about 25 In the space of 25 mm. They differ much In appearance in differd 
parts of the polypary, if, indeed, there are not more than one kind of thed 
Sometimes on the main stem they are blunter (about 1.0 mm. long and (Xt 
mm. wide at base), while on the branches and branchlets they are less bM 
But on the main stem and principal branches longer, narrower, and less rid 
and regular and more hairy root-like processes occur. 
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This species can be told by the distinct and numerous ** denticles *' on both 
sides of stem and branches, finer and less blunt dentate than in A, granti. 

Horizan and locality, — Xiagaran (Lockport), Hamilton, Ontario. 
Plesiotij pes.— Cdii. Nos. 54277, 55317, U.S.X.M. 





Xat.. X, 1.SS2, p. lOf), nomrn 
1884, pp. 5(')4, 582, 5.83, pi 4, 
I, 18S4, pp. 14, 32. 38. pi. 4, 
1889, p. 170, fig. 128.— 



Figs. 78-80. — ACAXTHoonAPTUs walkeri (Spencer). 78, Branches showinu branch- 
lets AND THECAL APEttTURE, X 5 ; 70, A SPECIMEN NATURAL SIZE, ROCHESTER SHALE, 

New York ; 80, Fragment of branch, x 5, Ro<'hester sHALii:, New York. (79 and 
80 are apter Ruedemann.) 

ACANTHOGRAPTUS PULCHER Spencer. 
Plate 4, figure 5. 
AcanihograptUH pulcher Spencer, Canadian 
nudum; Trans. Acad. Sci. St. Ix)uis, IV, 
fig. 6; Bull. Mus. Univ. State Missouri, 
fig. 6. — Miller, North Amer. Geol. and Pal., 
GuRLEY, Journ. Geol., IV, 18J)(5, pp. 1)2, 308. 

The original description is as follows: 

This frond is broadly flabellate, but was possibly cyathiform in its growing 
state. Very numerous branches (with few principal subdivisions) arise from 
a common radicle and extend in an entirely free manner to the even and more 
or less circular margin of the frond. Along both sides of the branches many 
short rudimentary branchlets arise. Besides these, there are numerous 8i)ine- 
like processes, w^hich possibly indicate the position of the cellules. The texture 
is corneous, with the surface striated, and in some places, where reniove<l, there 
are indications of a lateral solid axis. From the center of the radicle the 
branches extend a distance of about 2i mm. [centimeters. U. U. G.] to the margin 
of the ground [frond. K. R. G.l, or the diameter is ai)out 5 mm. [centimeters. 
R. R. G.]. The branches are half a millimeter thick. The rudimentary branch- 
lets, irregularly situated, are seldom more than 2 mm. long, and are stout, while 
the spinelike processes have a length of half a millimeter, and are about the 
same distances apart, being very slender. 

The branches of this exceedingly beautiful frond (as I have only one c()m|)lete 
8I)ecimen) appear to have occupied a semicircular position when alive, but in 
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compression has so fallen as to extend nearly in tbe form of a circle. Tboogb 
it resembles somewhat Callograptus niagarensia, yet the numerous rudimentary 
brancblets and spinelike processes distinguisb it from that species. 

Formation and locality. — This species is found in the "chert-beds*' of the 
Niagara formation at Hamilton, Ontario. The best specimen was obtained from 
Mr. Edward McLaughlin, of Hamilton. 

Gurley's notes on this species follow : 

To this species I have referred, in all, sixteen specimens, several of the more 
fragmentary ones with some doubt. One siieclmen (PI. 4, fig. .5. text fig. S2i 

shows tbe base, and may be described is 
follows: 

Polyr>ary ( in tbis specimen ) semicircaUr- 
fiabelliform, originating in, and sessile 
upon, a transversely extended, apparently 
thick, fibrous, or discoid base of a black 
carbonaceous texture. From the base arise 
at>out three main branches, which bifur- 
cate and rebifurcate in their course toward 
the i)eriphery, the resulting somewhat 
wavy branches running nearly straight ooi 
to the i)eriphery, where they seem to termi- 
nate in two or several twigs or siiikelets. 
Along their course their sides are beset 
with *• rudimentary branchlets,*' etc, 
whose length m.-iy reach 1 mm. In thi^ 
species, however, these lateral frlnjrin^ 
l)rocesses are fine, giving the branches a 
They never reach the thickness and remoteness of those 
set»n in A. walkvri. The usual width of the branches is 0.4 mm., but some reach 
0.5 mm. About 40 branches occur in 25 mm. of width, the interspaces thus 
being quite narrow. Only two 
thecje are visible. These are 
0.4 mm. apart (corresponding to 
about (50 in 25 mm.). Indica- 
tions of dissepiments are not 
wanting (some structures very 
much like them are visible), and 
although not entirely willing on 
strength of the present material, 
I niiiy say that I Incline very 
strongly to doubt their asserte<l 
absence in any of these genera, 
and also that in my opinion there is hardly a more dubious character tluin 
*' jibsence of dissepiments." For the assertion of such a condition the material 
must be absolutely Irreproachable, as of all the structures In the polyiMiry tbe 
dissepiments, being the most delicate, are the first to dlsapi>ear. 

There can, I think, be no doubt that the present form is Spencer's speciets 
Both as a diagnosis by exclusion, and by Its general agreement with bis descrip- 
tion and figure. Its Identity Is satisfactorily made out. 

Horizon and locality. — Niagara chert and glaciated chert, Hamil- 
ton, Ontario. 
Plesiotypes.— Cat No. 55307, U.S.N.M. 



Fig. 81. — AcANTU«-K;RArTUs pulcher 
SrcNruK. Copt of Spknceb's fio- 

CRE. 



feathere^l appearance. 





FiCS. 82. 83. ACANTHOGBAPTUS PCLCHEB SPENCO. 

82, Specimen preserving base. (See also Pl 
4, FIG. 5) ; 83, Less ccviplete bhabdosome. 
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ACANTHOGRAPTUS CHABTOPHORUS Gorley, new species. 
Plate 3, figure 5. 

Gurley's description is as follows : 

Polypary consisting of seTeral main stems which may reach a thicicness of 
0.4 mm. ; but princiimlly characterizetl 
by very numerous, excessively fine, hair- 
like, more or less tufted fibers which 
fringe the sides of the stems and (?) also 
arise freely from the (invisible) base. 
Tbeoe appear to be present but are in- 
distinct. 

This species unquestionably finds its 
nearest affinity in Acanthngraptus. It can 
liardly be a Dendrograptus, if that term 
be limited to forms talking origin from a 
single stem, as the form renders it very 
probable that it grew in tufts from a 
transversely extended base. 

Horizon and locality. — Niagara dolomite, Hamilton, Ontario. 
Holotj/pe. — New York State collection. 




Fio. 84. — AcA.NTnoGnArrrs chaktoph- 

OBCS, NEW SPECIES. HOLO^rYPK. 

(See also Pl. 3, fig. 5.) 



ACANTHOGRAPTUS MULTISPINUS Gurley. new species. 

The description by Gurley is as follows: 

Polyiwrj' flabellate-compresseii, originating in and sessile upon a black, car- 
lK»nacp<)us, discoid base, from which the main branches arise, and then divide 

and sulKiivide. run outward, spreading some- 
05 86 what to both sides and being somewhat undu- 

late; 0.3-0.4 mm. wide; set about 25-30 in 25 
mm. of width ; their sides beset with processes 
of variable length and closeness. These proc- 
esses are in character intermediate between 
those of A walkcri and those of A. pulchcr, 
lieing stouter, more rigid, and more distant 
than in the latter species, but less stout, less 
rigid, and closer together than in A. icalkeri. 
Their lengths and closeness are too variable to 
be well reduced to measurenienta 
The present species most nearly resembles A. pulchcr, but in general has the 
branches more divergent, and with less tendency to parallelism; the fringing 
Iffdoesses are stouter, more rigid, and more distinct, and the resulting appear- 
ance is less finely feathery. 

Ilorizon and locality. — Niagara chert. Hamilton, Ontario. 
Cotypes.—Csit No. 55309. U.S.N.M.. and New York State collec- 
tion. 




Figs. 85, 86. — Acanthogbaptus 
multispinus, new s p e cm k s . 

Two TYPE-SPECIMENS. (FlO. 

»r) Bi R. S. Bassleb.) 
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Genus THAMNOGRAPTUS HaU. 

Thamnograptus Hall, Rep. Progr. Geol. Surv. Canada for 1857, 1858, p. 143, 
nomen nudum; Nat. Hist. New York, Pal., HI, 1859, 1861. p. 519; ISlh 
Rep. New York State Cab. Nat. Hist, 1860, p. 62; Can. Org. Rem, 
Decade 2, 1885, p. 141 ; 20tli Rep. New York State Cab. Nat Hist, 1%\ 
p. 218 (rev. ed., 1868 [1870], p. 251 ) .—Nicholson, Mon. Brit GraptoU- 
tidsB, 1872, p. 130; Ann. and Mag. Nat Hist (4), XVI. 1875, p. 270.- 
ZiTTEL, Handbuch d. Pal., I, 1879, p. 290.— Spencer, Trans. Acad. Sd. 
St Louis, IV, 1884, pp. 563, 589; Bull. Mus. Univ. State Missouri, I, 
1884, p. 39.— Miller, North Amer. Geol. and Pal., 1889, p. 207.— Pocta, 
Syst. Sil. Centre Boheme, ^'III, Pt 1, 1894, p. 165.— Elles and Wood. 
Mon. Brit. Graptolites, Pal. Soc, 1903, p. xll.— Ruedemann, New York 
State Mua., Mem. 11, 1908, p. 204. 

This peculiar genus was founded upon two Ordovician species of 
graptolites, which have recently been studied by Ruedemann. The 
absence of thecae or apertures upon the branches has always kept the 
genus doubtful, and the following descriptions of the Niagaran forms 
can not be said to add anything to the knowledge of the genus. 

The original diagnosis is: 

Bodies consisting of straight or flexuous stipes (simple or conjoined at base?) 
with alternating and widely diverging branches; branches long, simple or 
ramose. In the same manner as the stipe. Substance fibrous or striate; the 
main stipe and branches marked by a longitudinal central depressed line, in- 
dicating the axis. Cellules or serratures unlcuovvn. 

Genotype, — Thamnogr'aptiis typhis Hall {^=Th4imnograptuJi eapS' 
laris Emmons). Normanskill shale, Kenwood, near Albany, New 
York. 

THAMNOGRAPTUS BARTONENSIS Spencer. 

Thamnograpsus barlonensis Spenceb, Canadian Nat., VIII, 1878, pp. 45^. A"**^ 

Thamnograptus hartonensis Spencer, Trans. Acad. Sci. St Louis, IV, 

1<S84, pp. 5(>5, 5S9, nOO, pi. 6, figs. 4, 5; Bull. Mus. Univ. State Missouri, 

I, 1884, pp. 15, 39, 40, pi. 6, figs. 4, 5.— (UrRLEY, Journ. (JcoL, IV, 1S»1 

pp. 101, 309. 

The original description follows : 

Stipes single and broad with lineal undulating branches alternately arrangftl 
on dppositt* sides and having half the thickness of the stipe, which Is as much 
as one-sixteentli Of an inch broad. The branches which are given off are 
usually at right angles with the stipe: and are generally half an inch apart; 
there being an undulation of considerable length opposite to their place of 
attachment. 

Texture corneous and black, the surface being nearly smooth with longi- 
tudinal depressions. The branches are usually short and abrupt. 

They occur in the Niagara I.imest?one at Hamilton, Ontario, and the writer 

has seen them In the rock several Inches long. 

I 

Quoting from Doctor Gurley's mfinnscript: 

The description of l.SSt4 adds: Branches having half the thickness of the 
stipe, their bases nearly at right angles with it, but afterwards they bend ni>- 
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ward ; Inserted on the stipe 1 to 2 cm. ai)art. At point of origin there is usually 
a depression of considerable length on the side opiwsite to their place of attach- 
ment, and ail expansion on the same side. There is a strong medial depression, 
0.5 mm. wide (marking a central axis?), extending through the stipe, which is 
1.5 mm. broad. 

The specimens obtained are not entire. The 
branches are often widely separated, and are some- 
times long and flexuous, extending for several centi- 
meters in length. It sometimes happens that we 
obtain a long stii>e which may l>e either a portion of 
the structure below the branches or a portion of 
a separate branch. 

Doctor Gurley further remarks: 

Altogether there are 9 specimens which I refer to 
this species. They vary considerably and tend to 
arrange themselves in two series, and at different 
stages in my work I have rated them as separate 
species and as separate varieties. The latter is still 
the course I should prefer, if I could with any con- 
fidence correlate the two series in any definite way » 
with Spencer's species. But as I can not do so satis- 
factorily, they are simply characterized as well as 
possible, and the task of connecting or separating them must remain to be 
worked out in the light of more complete si)ecimens. I might, however, add 
that though there is no certainty in the matter I rather incline to believe these 
two series to represent widely separate fragments'of the same polypary. 




Fio. 87. — Thamxograptcs 

BABTONEXKIS SpENCBR. 

Copied from Spencer. 



Scricft A, 

Polypary (?) consisting of long, more or less straight, or flexuous stems, 
1^25-2.5 mm., which for long distances are simple and destitute of branches. 
In the live specimens (on three slai)8) plainly referable to this series, only two 

branches are seen. These branches are 

110, 89 ^ about 1 mm. wide, and diverge from the 

^ V. 1 main stem at about 60° or a little less. 

\ J I Texture brown-black, carbonaceous, exactly 

«J i ^J similar to that of Inocaulis plumulosa in 

^*» \j,^^^ the same beds. 



Figs. 88, 80. — Thamxograptus bar- 
TONE.xsis Spencer. Two frao- 

MBNTS BELONG I NO TO SERIES B. 



faeries 7?. 



Main stems and branches much narrower 

than in series A (stem ad maximum, 1..5 mm., 

usually 0.8, occasionally 0.6 mm. wide: branches mostly 0.5-0.8 mm. wide); 

branches more numerous, tending to diverge at a right angle or a little less. 

Texture the same as in series A. 

The specimens referred to series A belong to the Spencer collection 
and are not accessible at present. Those of series B are represented 
in text figures 88 and 89. 

^E.g., l>oth with all of Spencer's species, or either with any definite pnrt 
thereof, I might perhaps add that a correlation of Series A with Si)encer'fl 
fig. 4, and of Series B with his fig. 5, seems somewhat plausible. — II. E. Gurley. 
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Horizon and locality, — Niagaran (I^ekport), Hamilton, Ontario. 
Pl€8iotype8,—Cat No. 55318, U.S.N.M. 

THAMNOGRAPTUS (?) MULTIFORMIS Spencer. 

Thamnograptus ( ?) multiformis Spencer, Canadian Nat., X, 1882, ix 165, 
nomen nudum ; Trans. Acad. Sci. St. I^uls, IV, 1884, pp. 565, 590, pL 6. 
figs. 2, 3 ; Bull. Mua Univ. State Missouri, I, 1884, pp. 15, 40, pi. 6, fig& 
2, 3.— GuBLEY, Joum. Geol., IV. 1890, p. 101. 

The original description is as follows: 

Stipes simple, flexuous, and strong, usually divided into two (sometimes 
three) branclies of equal thickness. From both the undivided and divided stipe 
a few short irregular branches originate at long unequal distances apart; and 
these may or may not end in two free ix)ints. The texture Is corneous and black, 

with the surfaces somewhat striated and im- 
pressed with a medial line (indicating a cen- 
tral axis?). In occasional specimens of the 
same mode of branching, sliort spinelike proc- 
g^ ^ V esses, from one-half to one millimeter long 

:ind half a millimeter aimrt, probablj- indicate 
the iK)sition of the cellules on both sides of ibe 
fc ^ ^ bri'inches. 

^W f^ Jy^ There is considerable variation In the sixe 

"•^ 1^^ i **' these organisms. The larger specimens are 

' "i ^ * f J 4 or 5 cm. long, and the stipes are usually 

/ \ \ • about 1 mm. thick; however, some of the 

■ specimens, that I have referred here, have not 

more than half that size. In the larger siieci- 

rics. 00, 91. — Thamnograptus? mens the branches are usually about half a 

MLLTiFOBMis SPBNCEB. CopiBK centimeter apart 

OF Spencer's figures. , ^i , * ^. ^-, ^ 

In the rocks of the >«iagar:i formation nu- 
merous fragments of organism of the graptolite family occur. Vast numbers, 
consisting of thick broken stipes, often flexuous, with one or two branches, or 
those with dichotomous terminations, are found, and can not be referred to any 
species described. Yet they so closely resemble the better specimens of this 
species that I have placed them here, although a further study might sejjarate 
some of them from this 8|>ecies. 

Formation and locality. — Fragments of this species occur somewhat abun- 
dantly in the Niagara dolomltic rocks at Hamilton, Ontario. 

Of this species Doctor Gurley says: 

After many endeavors to recognize this species I have failed to find anything 
which I could confidently refer to it. As far as my exiwrience goes nothing 
which has any definite structure resembles It. The only things which seem to 
approximate it are the most fragmentary specimens, too indefinite to be re- 
ferred anywhere else. A perusal of Spencer's description also leads me to 
suspect (but I do not assert it) that this s])ecies is not much more than a 
dumping ground for fragments. Certain it is that from time to time series 
after series of fragments (and at this horizon fragments are unusually and 
disproportionately numerous) otherwise unplaceci wore identified as this spe- 
cies, but eventually all except the worst wore successfully referred elsewhere. 
This species must then stand on Spencer's diagnosis and figure. 
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UnlesH otherwise stated, the views shown on tlu'se plalvn were prepared by K. S Ba.«wiler.] 
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Explanation ok Plate 1. 

Figs. 1, 2. Dendrograptusf probkmcUicus Spencer 10 

(See also text fig. 6.) 

1. A small rhabdosome, X 1-5, arising from a discoidal body. 

2. A larger example, X 1.5, showing the lax arrangement of the 

branches. 

3. Dendrograptus ramosus SpencQT 8 

(See also text figs. 3 and 9. ) < 

Guriey's photograph of the specimen, X 1.5, illustrated on page 7. ,"3 

4. Dendrographia onlarioensisy new BpecieB ..t tfli 

(See also text fig. 12, ) ' ; 

The type-specimen, X 2. 
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Explanation op Platb 2. 

Fig. 1 . Acanthograptus granti Spencer 56 

(See also PL 3, fig. 4, and text figs. 72-74.) 
Giirley's photograph of a specimen, X 1.5, with the rhabdosome drawn 
in black. . jjL 

2. Dendrograptua pJiainothecaf new species of 

(See also text fig. 11.) ^ 

A retouched photograph of the type-specimen, x 3. 

3. Dendrograptiis praegracUis Spencer mP 

(See also text figs. 4 and 10.) '". 

Photograph of the specimen illustrate<i in text fig. 10. 

4. Dirtyinema tenellum Spencer , J|J" 

(See also text figs. 32 and 33. ) 
A small portion of a rhabdosome, X 2. 

6. Inocaulis f tJiaUomSf new species 55 

The type-specimen, X 1.5. 

6. Inocaulis f slridus, new species 54 

(See also text fig. 71. ) 
Photograph of the type-specimen, X 1.6, by Gurley. 
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Explanation of Platk H. 

Fig. 1. Dictyonema crastthasalej neWHpecien 

(See also text figs. 21-25. ) 
A portion of the rhabdoflome, X 2, figured in text fig. 23. 

2. Dictyonema stenaciinotum, new species .-, 

(See also text figs. 34, 35. ) 
View of the specimen, X 1.5, illustrated in text fig. 35. 

3. CcMogruptxis striciuSj iieYf si^ec\e& - 15 

(See also text fig. 17.) 
The type-specimen, X 2. 

4. AcarUhograptus granti Spencer 

(See also PI. 2, fig. 1, and text figs. ,72-74. ) 
Photograph by Gurley, with rhabdosome retouched in black. 

5. Acanthograptus chaetophorusy new species • 

(See also text fig. 84.) 
Photograph of the type specimen, X 1.5. 
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Explanation of Plate 4. 

Fig. 1 . Dictyonema spenceriy new species 

(See also text fig. 46.) 
A p<jrtion of the type-specimen, X 2. 

2. Dictyonema paralleluniy new species ST 

(See also text ^%. 47. ) 
View of the distal half of the type-specimen. 

3. Dictyonema de-rmoideSj new species 34 

(See also text figs. 41-43.) 
Photograph of a rhabdosome, X 2, showing the basal attachment 

4. Dictyonema ])olymorpluun Gurley 24 

(See also text figs. 26-29.) 
Photograph of the original of text lig. 27, X 1.5. 

5. AcanthoyrapUis pnlcher Spencer ^ 

(See also text figs. 81-83.) 
View of a rhaixlosome, X 2, preserving the base. 
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Explanation- op Platb 5. 

Ace. 

Fig. 1. Inocaulijt vegetabUiSf new species 5S 

A retouched photograph of the type-specimen, natural size. 
2. Inwaulis diffusits crassiramuSj new variety 53 

(See also text fig. 69.) 
Photograph of the type-specimen, natural size. 
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INTRODUCTION 



The Council of the Paleontological Society voted that at the Second 
Annual Meeting, held at Pittsburgh, that the greater part of one day 
should be given to a conference on the faunal criteria of use in paleo- 
geography for the discerning at what probable depth the Paleozoic sedi- 
ments were deposited, the shorelines of such deposits, the temperature of 
the water, the factors indicating faunal provinces, and the effect of cur- 
rents on the life assemblages. To this end the President of the Society, 
Prof. Charles Schuchert, secured the cooperation of a number of paleon- 
tologists, each one being well versed in the topic selected, and December 
29, 1910, was selected for the presentation of papers. As the time limit 
set for each paper was short, the participants could not always give the 
desired detail on which their conclusions were based. 

(217) 
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NATURE OF TERTIARY AND MODERN MARINE FAUNAL BARRIERS AND 

OURRENTti^ 

BY WILLIAM H. DALL 

Were the earth evenly covered with water of a uniform depth and 
density, or the dry land confined to circular zones of which the center 
coincided with the axis of the earth's rotation — in other words, with the 
poles — ^it would be mathematically possible to compute the extent and 
course of the marine currents. An approximation to such a computation 
for the earth's atmosphere has been made by Ferrel and subsequent 
writers on meteorology, but the smooth theoretical atmospheric circula- 
tion of theory is much interfered with by the actual asperities of the 
earth's surface and by differences in temperature and density, in a vertical 
sense, due to the influence of the sun's rays. 

To such an extent as the emerging continents became physical bar- 
riers to the oceanic circulation demanded by theory, the course of current* 
and incidentally their density and temperature have become modified. 
The north and south extension of the continents and the various direc- 
tions taken by their eastern and western shores have so complicated the 
whole problem that a thorough demonstration of the facts involved, even 
for limited areas of coast, is in most cases still to be attained. Still, tlie 
broad outlines of distribution of marine currents and their temperatures 
are fairly well known. We have learned that the temperature of the sea 
in which they live, within certain narrow limits, controls the distribution 
of marine invertebrates. Whatever the tolerance they may exhibit, and 
different species differ in this respect, there are distinct boundaries set to 
their distribution in the differences of temperature brought about by the 
circulation of oceanic waters. Whether these differences limit the range 
of faunas by direct action on the individuals or by their effect on the 
development of their progeny or by limiting their normal food supply has 
not yet been demonstrated; but it seems quite certain that in the larval 
stages the young invertebrates are markedly more susceptible to differ- 
ences of temperature than adult animals, and, in the case of the oyster. 
Brooks found that a difference of two or three degrees Fahrenheit in the 
temperature of the water was suflBcient to kill the whole larval brood. 
By inhibiting natural increase, therefore, a species may be as sharply 
limited in its permanent range as if material barriers interposed. 



^ BCanuBcrlpt received by the Secretary of the Society Hay 28, 1911. 
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There are two principal ways in which the sea temperature of a given 
region may be decided, apart from the normal amotmt of direct heat it 
may receive daily from the sun. One of these is due to the invasion of a 
region by an oceanic current, properly so called (that is, a body of water 
with motion in a definite direction usually differing from the sea about it 
in temperature, and more or less distinctly laterally limited), analogous 
to a river on a land surface in its relation to the adjacent sea. Such a 
current may carry cool water into a warmer region, or warm water into a 
cooler region, and by the temperature and evaporated moisture it gives 
off may also alter the aerial and terrestrial climates of the region invaded. 
Such examples as the Gulf Stream or the Equatorial current will occur 
to every one reflecting on the subject. 

The rate and direction of such currents are determined, first of all, by 
the friction of the trade winds on the surface of the sea; secondly, by the 
land barriers encountered, and to a less extent by barometric pressure, 
differences of density due to concentration of saline matter and other 
minor factors. 

The other way in which sea temperatures are affected is due to oceanic 
circulation independent of the friction of the winds, and which would 
occur if there were no winds at the surface of the sea. The rotation of 
the earth causes a lagging of the surface waters and a welling up on the 
western shores of continents of colder bottom waters when the contour of 
the sea bottom is favorable. The evaporation from surface waters in the 
tropics increases the salinity and density of the water affected, and there 
is a constant interchange of less dense cold polar waters with those of the 
tropics. The waters of the deeps are nearly always of polar temperature. 
The movements of the tides impinging on continental shores aid in this 
system of circulation. 

It does not seem possible, under conditions of atmosphere approximat- 
ing those of the present time, that there should ever have been a time 
when the tropic seas were not perceptibly warmer than the polar waters, 
though the latter may have been much warmer than at present. As soon 
as marine animals developed to a stage where temperature became a 
factor in their physiological history, it was inevitable that faunas should 
develop, and the more susceptible the inhabitants of the sea became the 
more distinctly faunas would become limited. 

Of course, the development of the food supply, itself dependent on the 
sea temperature, the presence of large bodies of fresh water at the mouths 
of great rivers, the evolution of destructive gases arising from the sea 
bottom, or the invasion of limited areas of sea by noxious salts derived 
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from land areas, or submarine plutonic action altering the temperatune 
or the chemical constitution of the sea water locally — ^all might at times 
have a temporary influence of some importance, but necessarily of a 
trifling kind compared with the two chief factors above mentioned^ the 
currents and the oceanic circulation due to permanent cosmic causes of 
the first order of magnitude. 

When we find tlie shore fauna of the eastern coast of South America 
practically the same on the shores north and south of the Amazon estuary 
we conclude that the distribution of the fauna antedates the existence of 
the estuary. When we find the boreal fauna extending down the eastern 
coast of N^orth America, with representatives as far south as Georgia, we 
infer, what is proved by hydjrographic investigation, that the Polar cur- 
rent is represented by an inshore hand of cold water. We find on the 
Pacific coast of America the Oregonian fauna coinciding in distribution 
with the divaricating branches of the North Pacific current ; the Peruvian 
fauna with those of the Humboldt or Peruvian current; on the Asiatic 
coast the Kuro Siwo and the Japanese fauna, the Okhotsk fauna and the 
Kamchatka current, are practically coincident. All over the world the 
close association of the range of temperature-bearing waters and marine 
faunas is recognizable, though occasionally less clear on account of the 
intervention of land barriers or minor causes. 

AVhen sudden changes of faunal characteristics occur in successive 
fossil faunas in the Tertiary, as at the end of the Oligocene and the be- 
ginning of our Chesapeake Miocene in the southern part of our coastal 
plain, though no orographic changes or unconformities appear on the 
spot, we are justified in concluding that changes at a distance have taken 
place which have altered the course of ocean currents and consequently 
have brought about local changes of temperature. 

If it be possible to lay down with approximate accuracy the distribu- 
tion of land at no matter what distance of geologic time, an application 
of the principles governing the distribution of ocean currents and the 
circulation of oceanic waters should enable the geologist to map the ap- 
proximate distribution of the marine faunas at that epoch, always pro- 
vided the difference of sea temperatures between the tropics and the 
Polar sea was at that period sufficient to affect organic life then existing 
in the ocean. 
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VALUE OF FLORAL EVIDENCE IN MARINE STRATA AS INDICATIVE OF 
NEARNESS OF SHORES^ 

BY DAVID WHITE 

In discussing, from the paleogeographic standpoint, the occurrence of 
plants in limestones or other marine sediments primary consideration 
must scrupulously be given, first, to the kind of plants, and, second, to 
the condition of the plants. 

In illustration of the first of these considerations it is hardly necessary 
to remark that algae of marine types, though they may be blown along 
the beach and into coastwise dimes, are not likely to find a place in epi- 
continental fresh-water basins nor, except in the rarest instances, in 
eolian desert deposits. Neither, on the contrary, should one look in 
fresh-water coal basins for salt-marsh vegetation. So, also, though he 
may discover fresh-water limestones, which directly owe their very being 
to fresh-water algsB, one should not expect to find sweet-water thallo- 
phytes composing limestones in a marine environment. Each limestone 
contains calcareous or other algae of its own kind. Otherwise do "men 
gather figs of thistles.^* 

In practice, however, and for general paleogeographic uses algae are 
apt to be of little need, or if needed they frequently are of little help, so 
very imperfect is our paleontologic knowledge of the small calcareous 
rock-building types, and so poorly preserved are usually the others 
whether in rocks of organic or terrigenous origin. Therefore, in the 
present discussion, further consideration will be confined to land plants ; 
and, since the question is one of geographic values, to vascular only. 
This brings us, in our weighing of fossil plant criteria, to the second 
important point, namely, the condition of the plants themselves. 

The occurrence of remains of land plants in limestone is uncommon 
enough always to attract the attention of the geologist, but the discovery 
of well preserved specimens, especially leaves, in a limestone formation is 
so exceedingly rare as never to fail to excite comment. In fact finding 
good specimens of land plants in the company of marine invertebrates in 
any place is worthy of mention, regardless of the sedimentary circum- 
stances. 

It is worth while in this connection to give brief attention to the con- 
ditions now to be observed and the processes now in operation in the seas 
of the present day. The reports of the Blake, the Challenger, and the 



I ICaaiweript raeelTed by the Secretary of the Society May 28, 1911. 
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Albatross show that in certain regions of terrigenous deposits, especially 
within the tropics, vegetal refuse is abundant on the ocean bottom, even 
at depths of more than 2,000 fathoms. Thus Agassiz states that 

"While dredging to the leeward of the Caribbean Islands, we could not fail 
to notice the large accumulation of vegetable matter and of land debris 
brought up from deep water many miles from the shore. It was not an un- 
common thing to find at a d^th of over one thousand fathoms, ten or fifteen 
miles from land, masses of leaves, pieces of bamboo and of sugar-cane, dead 
land shells, and other land debris, undoubtedly blown out to sea by the pre- 
vailing tradewlnds. We frequently found floating on the surface masses of 
vegetation, more or lees water-logged, and ready to sink^ The contents of 
some of our trawls would certainly have puzzled a palaeontologist; between 
the deep-water forms of Crustacea, annelids, fishes, echlnoderms, sponges, 
etcetera, and the mango and orange leaves mingled with branches of bamboo, 
nutmegs, and land shells, both animal and vegetable forms being in great 
profusion, he would have found it diflScult to decide whether he had to deal 
with a marine or a land fauna. Such a haul from some fossil deposit wonld 
naturally be explained as representing a shallow estuary surrounded by for- 
ests, and yet the depth might have been fifteen hundred fathoms. This large 
amount of vegetable matter, thus carried out to sea, seems to have a material 
eflTect in increasing, in certain localities, the number of marine forms.'** 

The descriptions of the bottom deposits explored by the Challenger^ 
mention the occurrence of twigs, woods, and seeds at a depth of 800 
fathoms near Ki Islands, and the presence of twigs and leaves within 20 
fathoms off the coast of Amboina Island, both localities being west of 
New Guinea. Palm fruits and fragments of wood and bark were found 
at a depth of 2,150 fathoms in the group of islands south of Mindanao, 
and fragments of leaves, stems, and wood, the latter overgrown with 
Serpulay were dredged from a depth of 1,050 fathoms at a station about 
50 miles off the west coast of Luzon. 

Agassiz, in his account of the explorations of the Albatross off the west 
coast of Central America, notes that : 

"A very fine mud was the characteristic bottom we brought, often very 
sticky, and enough of it usually remained in the trawl, even when coming up 
from depths of 2,000 fathoms, materially to interfere with the assorting of 
the specimens contained in our hauls. This mud continued all the way from 
the Galapagos to Acapulco, and up to the mouth of the Gulf of Gallfomia, 
where It became still more of an Impediment to dredging, so that little wort 
was done until we passed the Tres Marias. Even then the trawl was ordi- 
narily well filled with mud, and with It came up the usual supply of logs, 
branches, twigs, and decayed vegetable matter. 



•Bull. MU8. Con>. Zool., Harvard Coll., vol. xlv, p. 391. 
* Deep-sea depoelts, pp. 95, 97, 99, 101. 
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"On going farther north, into the Qnlf of California, the nature of the hot- 
tom did not change materially from what it had been along the coast from 
Acapulco to Gape Ck>rrlente8 ; it was the same viscid mud, mixed occasionally 
with GloUgeHna and masses of vegetable matter. So we found the trawling 
most difficult from the weight of the mud brought up, but occasionally a haui 
was made which more than repaid us for the time spent on the less productive 
ones. 

''In the dredglngs of the Blake in the Gulf of Mexico, off the West Indies, 
and in the Caribbean, my attention had already been called to the Immense 
amount of vegetable matter dredged up from a depth of over 1,000 fathoms 
on the lee side of the West India Islands. But in none of the dredglngs we 
made on the Atlantic side of the Isthmus did we come upon such masses of 
decomposed vegetable matter as we found on this expedition. There was 
hardly a haul taken which did not supply a large quantity of water-logged 
wood, and more or less fresh twigs, leaves, seeds, and fruits, in all possible 
stages of decomposition."* 

In another account he refers again' to the abundance of water-logged 
wood, leaves, seeds, etcetera, "in all possible stages of decomposition," 
adding that "this was especially noteworthy in the line from the main- 
land to Cocoa Island.^^ On that portion of the cruise extending across 
the Humboldt current from the Panama coast to the Qalapagos Islands 
Agassiz observed' that a few fragments of leaves were obtained at a depth 
of over 1,700 fathoms at a point nearly half way between Cape San Fran- 
cisco and the Galapagos Islands. 

With reference to the volume of terrigenous deposits Agassiz remarks -P 

"From the investigations made this year by the Albatro9S, I am more In- 
clined to assume that the true cause of the absence of coral reefs on the west 
coast of Central Africa is due to the immense amount of silt which is brought 
down the hill and mountain sides every rainy season, and which simply 
covers the floor of the ocean to a very considerable distance from the land, 
the land deposits l>elng found by us even on the line from the Galapagos to 
Acapulco at the most distant .point from the shore to the side or extremities. 
The mud in Panama Bay to the hundred-fathom line is something extraor- 
dinary, and its influence on the growth of coral reefs is undoubtedly greatly 
increased from the large amount of decomposed vegetable matter which is 
mixed with the terrigenous deposits." 

Again, in his notes on the exploration of the Gulf of California, we 
find that" "the trawl was usually well filled with mud," and that "the 
mud gave up the usual supply of logs, branches, twigs, and decayed vege- 
table matter." 



«BiilL Miu. Comp. Zool., Harvard Coll., vol. zxiU, p. 12. 
•Oik cit, vol. zzl, 1891, p. 187. 
•Lqc. dt. p. 190. 
»Lqc cit. p. 196. 
•Loc dt., p. 197. 
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While the striking instances cited from the reports just mentioned* 
are important as showing both the distance to which vegetal refuse may, 
under favorable circumstances, be deposited, and the depth at which it 
may be found in terrigenous deposits, two important points should not be 
lost from view: first, that most of the material is found in regions of 
deposition of terrigenous matter, and, second, that in most cases the 
localities are in close proximity to the land. Even in the latter cases the 
organic matter is described as more or less decayed, while in the most 
remarkable series, extending over a stretch of 500 miles or more from the 
Central American coast to the Oalapagos Islands, we find that all the 
material was "in varying stages of decomposition." At best the leaf frag- 
ments reported appear to have been confined to types with hard, siliceous, 
or thick cuticles, such as the palm and the bamboo. Only thick, leathery, 
dicotyledonous types like the orange and the mangrove seem to have been 
in recognizable condition in the dredging near the land. Only in very 
rare cases do we find any quantity of land plant material under the con- 
ditions of deposition of the purer carbonates at any considerable distance 
from the coast, and in these cases the material embraces only the more 
imperishable parts of the plants. 

The significance of the evidence offered by plant remains found fossil 
in marine deposits depends mainly on the state of their preservation. If 
the material is macerated, corroded, rolled, defoliated, skeletonized, in- 
crusted, or bears other signs of having been for some time in the water, 
it is liable to have been transported for some distance, judgment of the 
possible distance or time being dependent to an extent on the progress of 
the work of the destructive agencies. If long in sea water the fragments 
are likely to bear the marks of the abundant marine organisms, particu- 
larly if in tropical sea water. On the other hand, the occurrence of clean, 
unbroken, smooth leaves, and particularly of large segments of fern 
fronds, with their full complement of carbonaceous residues, is prima facie 
evidence of minimum exposure to water and of the least subjection to the 
action of swift currents or waves. In fact, it may be stated that except 
in extraordinary or most fortuitous cases clean and distinct leaves are 
never found in limestone strata, whether marine or fresh water, except 
in a very near relation to the land on which they had origin. Farther 
from land they are more indistinct, poorly preserved, fragmentary and 
deformed, as well as wasted. In most marine sediments the only vestiges 
of land plants that may be found are confined to the most indestructible 



•For Ulustratlons of long transportation see Lyell: Principles of geology, 1867, toL 
U, p. 861 ; vol. i, p. 445 ; OhaUenger narratiye, yoL 1, pt 2, p. 679 ; Bates : Naturaliat 
on the River Amaxon» 1868, p. 889. 
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parts — that is, seed envelopes, spore covers, pollen shells, and fragments 
of wood and stems, especially of resinous or very dense types. This is 
due to several causes : 

1. On account of their fragility leaves, especially those of ferns, are 
very quickly rumpled, curled, torn, or shredded in water transport, and 
if long en route are soon reduced to fine refuse (^^HackseP) by wind, 
wave, or current action. Leaves become submerged sooner than trunks, 
twigs, etcetera; they are promptly attacked by the pelagic animal life, 
and their mesophyll quickly decays as the result of microbian action. 

2. On reaching salt water they are very quickly covered by slimes, 
animal and vegetal organisms, which coat or corrode the surface, so that 
unless buried promptly they can not leave clean or clear-cut imprints, 
even if submerged beneath cold waters. The observations of several 
marine naturalists go to show that signs of the destructive agencies, ex- 
clusive of wave and current, are generally evident in less than two days 
from the moment of marine submersion. 

3. Decay proceeds more rapidly in salt than in fresh water, by reason 
of the abundance and variety of the attacking animal types, and also, it 
is said,^^ on account of the greater amounts of sulphates and carbonates 
in sea water, which by decomposition in the presence of organic acids 
facilitate the oxidation (destruction) of the plant tissue. Decay proceeds 
even at great depths and in low temperatures ; but these are regions of 
slow deposition, so that there is correspondingly greater time for corro- 
sion and putrefaction, or even total destruction, before the organic matter 
becomes protected by an oxygen-excluding sedimentary cover. 

4. The conditions of open marine deposition preclude the development 
of a partial or completely aseptic or toxic water-cover, such as may take 
place in fresh or land-locked water bodies. 

5. Regions of distinctly calcareous deposition, or of limestone forma- 
tion — that is, regions comparatively free from terrigenous sediments — 
are apt to be far from the mouths of rivers and from currents carrying 
land sediments, therefore plants are not likely to reach them in good con- 
dition unless the deposits are close to shore or coast. If rapidly trans- 
ported they are liable to damage by wave action and other conunotion of 
the current. Furthermore, in most regions of such sedimentation the 
accumulation of the rock-forming material is so slow that the most en- 
during parts of the plants may seldom escape decay before they are so far 
buried as to make permanent their forms. 

The fresher the vegetal material the better the chances that some por- 



^OhQlJenger reports: Deep-sea deposits, p. 250. 



Digitized 



by Google 



226 CONFERENCE ON PALEOZOIC PALEOGEOGRAPHY 

tion of it may leave a recognizable impression ; or, again^ the greater the 
influx of terrigenous matter, including vegetal debris, with consequently 
more rapid sedimentary deposition, the more likely the burial of a part 
of the plant refuse in recognizable condition. 

It would appear that the areas of most abundant terrigenous muds, 
with plant ingredients, between Central America and the Cocos or the 
Galapagos Islands, are regions of deposition of somewhat carbonaceous 
shales, probably more or less calcareous in certain districts, and possibly 
comparable to those of the Upper Devonian in portions of Ohio. They 
contain the raw materials for the petroleum and natural gas of a future 
geologic age, when portions of partially decayed plant refuse in the r^on 
of the western Pacific Islands will be found in calcareous shales or ahaly 
ferriferous or manganiferous limestones. 

If, now, we turn to examine the geological conditions attending the 
occurrence of well preserved plants in limestones or other clearly marine 
strata of geologic age, we find that in nearly every case of reasonably 
good preservation of leaf or fern material there is associated geologic evi- 
dence of the existence of land not far distant. The best preserved filieoid 
types of the Ithaca group are associated with contemporaneous channel 
cutting and other local shoal water phenomena. The relatively well pre- 
served material in the Portage (Hatch), near Naples, New York, is said 
to be associated with coaly streaks, which I regard as indicative of prob- 
able local flats or possibly a partially land-locked or temporarily lagoonal* 
environment. The splendid Archceopteris fronds of the Catskill and 
Chemung in southern New York and northeastern Pennsylvania are in 
most cases stratigraphically associated with contemporaneous erosion 
planes, truncated mud beds, carbonaceous wedges, breccias or conglomer- 
ates — all indicative of subaerial exposure or approximate littoral condi- 
tions. So, also, with the better grade of material from the Burgoon and 
the lower Pocono. The floras in the Canaan limestones of the Buck- 
hannon quadrangle in West Virginia, in the Bluefield shale formation at 
Abbs Valley, in southwest Virginia, and in the Bangor of Alabama, ap- 
pear in interbedded shales containing thin coals; in sand wedges of 
littoral, or possibly shoal, origin ; or if in impure limestones, as in West 
Virginia, at horizons of limestone breccias. In fact, the discovery of 
these plants is very important, as drawing attention to the occurrence of 
diastrophic movement during the long period of Mississippian marine 
sedimentation. The floras and sections have not yet been studied sufiS- 
ciently to show how many uplifts took place in one region or another of 
the Appalachian trough during Mississippian time. According to the 
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writer^s opiniony the examples cited not only point out movements which 
may subdivide Mississippian time, but they also lend support to the views 
of Ulrich as to the shallowness of the Mississippian seas. 

In the abundant and familiar cases of the association of finely pre- 
served leaves and fern fronds with marine shells in the roofs of coals in 
all the epochs of vascular land plant life, Paleozoic, Mesozoic, Cenozoic, 
and Recent, and in various regions of the world, the coals and their 
underlying old soils bear witness to their paleogeographic relations as 
coastal or lagoonal swamps which at the moment of moUuscan invasion 
had just been inundated by the sea.^^ 

The deductions drawn from the occurrence and conditions of land plant 
material in the oceanic areas of today and from the stratigraphic relations 
and state of the corresponding fossils found in the older deposits, appear 
fully to justify the conclusion that the presence of clean and well pre- 
served leaf material in limestones or other marine sediments constitutes 
satisfactory proof of proximity of the deposit to land ; as, conversely, the 
occurrence of water-worn, partially decayed, incrusted, or corroded ma- 
terial permits the conclusion that the specimens may have been for some 
time in water and are therefore liable to have been transported for some 
distance. Unfortunately, the evidence of fossil plants, though of the 
highest value in paleogeographic deductions, is so rare as usually to be 
wanting on the occasions of greatest need. 

ARE THE F088IL8 OF THE DOLOMITES INDIOATIVB OF SHALLOW, HIGHLY 
SALINE AND WARM WATER SEASt^ 

BY STUART WELLEH 

It must be recognized at the outset, in the discussion of the subject 
which has been assigned me, that all doloniitic formations have not been 
deposited under like conditions. In such magnesian beds as are present 
in the Cayugan period of the Silurian, we find a most peculiar fauna, 
constituted almost wholly of the strange Eurypteroid arthropods whose 
fossil remains are almost never found in association with typical marine 
faunas, but which are present in situations, such, for instance, as the 
plant-bearing beds of the Pennsylvanian, which indicate that they must 
have lived in non-marine waters. The stratigraphic association of these 
Cajrngan, Eurypterus-bearing beds with beds of salt and gypsum would 



tManiucrlpt received by the Secretary of the Society May 23, 1911. 
u The plant-bearing Umestonefl of the Pnrbeck on the Dorset coast He on the dirt beds 
(old Bofls), on which the vegetation grew. 
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suggest at once that the waters of the period were highly saline and per- 
haps shallow; but, so far as I am aware, there is no inherent character- 
istic of the fossil Eurypterus which can in any way suggest that it may 
not have been a truly marine organism, and our conclusion that it was 
not such an organism is drawn from the physical surroundings of the 
fossil itself, rather than that the physical conditions are what we believe 
them to be on Account of some peculiarity of the fossil. 

I believe, however, that the dolomitic formations which it was intended 
that I should discuss are the far more widespread formations of Paleozoic 
time, such as the Niagaran and Galena formations of the Upper Missifl- 
sippi Valley, and it is altogether permissible to assume that these forma- 
tions were deposited under very different conditions than were the Water- 
lime beds of the Cayugan. In most dolomitic formations, such as those 
just mentioned, the fossils present are preserved in a very imperfect owi- 
dition, almost always in the form of casts and moulds, and are often more 
or less obliterated, so that accurate specific identifications are frequently 
or commonly diflScult or impossible, and this unsatisfactory condition of 
the fossils themselves must be kept in mind in connection with the com- 
parisons of faunas to be made later. In nearly all cases the fossils of 
the calcareous beds are better preserved, more numerous, and more readily 
identifiable than those in the dolomites. 

A comparison of fossil faunas preserved in dolomitic formations with 
faunas of similar age in calcaroous beds, ought to show whether the life 
of these ancient seas was notably reacted upon by the conditions which 
have been responsible for the existence of our conspicuous dolomitic 
formations. A comparison of this sort has been attempted between the 
fauna of the dolomitic Galena formation of Illinois, Wisconsin, Iowa, 
and Minnesota and the fauna of the typical Trenton limestone of the 
east, two formations which arc believed to be essentially contemporaneous. 
A census of the Galena fauna, in which it h$is been the purpose to ex- 
clude all forms except those which occur in the dolomitic fades of the 
formation, has been compiled. Perhaps the most characteristic member 
of the fauna is Receptaculites, several species of which genus are recorded, 
of which B. oweni is the most common. This genus is represented in the 
typical calcareous Trenton limestone of New Jersey and elsewhere in the 
East, and the most characteristic Galena species occurs in such great 
numbers in the upper portion of the calcareous Kimmswick limestone 
of southeastern Missouri that this formation was called the Beceptaculite 
limestone by the early Missouri geologists. The corals are sparsely rep- 
resented in the fauna, an undetermined species of Streptelasma being the 
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only form worthy of record, and this genns is one which is well repre- 
sented in the calcareous limestone of the East. The Echinodermata are 
so unusual, and when present so poorly preserved, that they may be 
ignored in this place. The Bryozoa are represented by a few forms too 
poorly preserved for accurate determination, but the commonest form is 
probably Prasopora, a genus which is one of the most conspicuous in the 
calcareous Trenton elsewhere. The Brachiopoda have a goodly repre- 
sentation, the following genera being recorded: Lingula, Platystrogjiia, 
Dalmanella, Dinorthis, Orthis, Eafinesquina, Plectambonites, Leptaena, 
Bhynchotrema, and Cydospira. All of these genera are present in abun- 
dance in calcareous formations of essentially the same age as the Galena, 
and there is no single species in the Galena which does not occur in these 
calcareous formations. The Pelecypods are represented by nine genera, 
as follows: Byssonychia, Clionychia, Orthodesma, Cyrtodonta, Vanux- 
emia, Ctenodonta, and Cuneamya. As in the case of the Brachiopods, 
all of these genera are typically represented in calcareous beds elsewhere, 
although one or two of the species recorded have been described exclu- 
sively from the Galena formation. The Gastropoda constitute the largest 
single element in the fauna, fifteen genera being recorded, as follows: 
Bellerophon, Phanerotrema, liophospira, Liospira, Clathrospira, Honno- 
toma, Ccelocaulis, Eccyliopterus, Helicotoma, Ecculiomphalus, Maclurea, 
Maclurina, Trochonema, Holopea, and PNisispira. A small minority of 
the species of these Gastropoda have been described from the Galena, 
and are not as yet recognized elsewhere, but every one of the genera and 
most of the species are well represented in calcarous formations of similar 
age. The Cephalopoda are represented by the genera Cameroceras, 
Orthoceras, Triptoceras, Oncoceras, and Cyrtoceras, and, as in the case of 
the other groups of organisms mentioned, these, too, are well represented 
by the identical species in calcareous formations. Only one trilobite 
genus, Illsenus, is recorded, but this genus, and even the same species, 
occurs in abundance in contemporaneous calcareous beds. 

From the facts gleaned in such a census of the Galena faunas, there 
seems to be no evidence whatever for concluding that the life conditions 
in the Galena sea were in any respect different from those of the basins 
which are now represented by purely calcareous sediments. There is no 
single characteristic of the fauna which would suggest that the waters 
were more saline, warmer, or shallower than the seas in which, for in- 
stance, the Trenton limestone of the East or the Kimmswick limestone 
of southern Illinois and Missouri were deposited. It is ordinarily con- 
ceded that an intensification of the salinity of sea waters produces a 
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depauperation of the fauna, but the fauna of the Galena is notably com- 
posed of the larger and more robust forms, probably because the smaller 
and more delicate shells have been obliterated by secondary chemical 
changes in the sediments. 

A study of the fauna of the dolomitic Silurian formations of northern 
Illinois and southern Wisconsin, in connection with the faunas of con- 
temporaneous non-magnesian formations elsewhere, affords another op- 
portunity for similar comparison. In this fauna there are recorded 
fifty or more species of corals distributed among some twenty genera. 
All of these genera and many of the species occur elsewhere in non- 
magnesian formations, many of them in the Ohio Valley. Among the 
Crinoidea seventy or more species are known, belonging to nearly thirty 
genera. Most of these genera and many of the species are well repre- 
sented elsewhere in America in non-magnesian formations of essentially 
the same age, and other genera, not known outside this dolomitic forma- 
tion in America, are known from non-magnesian formations in northern 
Europe. The Cystoidea, Brachiopoda, MoUusca, and Trilobita all tell 
the same story as the Corals and the Crinoids. All these groups are 
represented in the fauna by many genera and species ; the genera are in 
almost all cases well represented in non-magnesian formations, and a large 
majority of the species also are common elsewhere. From the considera- 
tion of this fauna it seems impossible to postulate that the sea in which 
it lived was any more saline, shallower, or warmer than the contem- 
poraneous seas whose life is now preserved in non-magnesian formations, 
either calcareous or argillaceous. 

It is only in the Guelph formation of the Silurian and in its equiva- 
lents that we may perhaps detect a faunal element indicative of greater 
salinity, in the association of the more or less diminutive and delicate- 
shelled species with the large and thick-shelled brachiopods, Trimerella, 
Monomerella, and Rhinobolus, and the similarly thick-shelled pelecypods, 
Megalomus and Goniophora. The suggestion that this assemblage of 
forms in association with the abundance of reef-building corals indi- 
cates a more than normally saline sea has been made by Clarke and 
Ruedemann, and I am not ready to dispute the truth of their conclusion, 
but it must be recognized that this same fauna occurs in non-magnesian 
sediments in the higher beds of the Gotland limestone of Sweden. 

Other widespread dolomitic formations in the American Paleozoics 
do not lend themselves so readily to the solution of the problem in hand. 
The widely distributed dolomitic formations of late Cambrian and early 
Ordovician age are in general rarely fossiliferous, so that their known 
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faunas are altogether too meager to permit their being used as a basis 
for any conclusion in the matter. In the case of certain Deyonian dolo- 
mitic formations — ^as^ for instance^ the Middle Deyonian beds at Mil- 
wankee^ Wisconsin, and the dolomitic beds which are present in the 
Devonian section of Iowa — we have faunas constituted of species which, 
almost without exception, occur elsewhere in calcareous sediments. The 
same is true of certain Ordovician formations other than the Oalena. 

In conclusion it may be stated that from the evidence of the fossils 
alone there seems to be no reason for assuming that our widespread dolo- 
mitic formations of Paleozoic age have been deposited under conditions 
which are notably diflferent, as regards salinity, temperature, or depth, 
from those under which non-magnesian formations, either argillaceous 
or calcareous, have been laid down. Chemical geologists are almost 
unanimously agreed that in general the dolomitization of limestone is a 
secondary process, and the paleontological evidence, so far as it is avail- 
able, seems to substantiate that view. Formations now dolomite were 
in all probability originally deposited as limestones, and have been 
altered to dolomites since their original deposition, while other beds 
entirely similar in original condition have not been modified, but persist 
to the present time as true limestones. 



8TRATIQRAPHIG SIONIFWANCE OF THE WIDE DISTRIBUTION OF 
ORAPTOLITE8 » 

BY RUDOLF RUEDBMANN 

I have been asked by your President to speak on the stratigraphic sig- 
nificance of the wide distribution of graptolites. 

This title assumes the wide distribution of the graptolites as an estab- 
lished fact. It is such, but with a certain qualification that will be 
considered later. 

The closer investigation of the graptolites in Europe, America, and in 
Australia has brought out the fact of the presence in all three continents 
of the common or guide graptolites, of the Ordovicic, at least, and of the 
general agreement of the sequence of the zones. The distribution of an 
important fraction (roughly, at least one-third) is world-wide. 

The structure of the graptolites has shown that the earlier forms with- 
out axes (Axonolipa) were for the greatest part pseudoplanktonic — that 
is, they drifted about fastened to seaweed — ^while the later Axonophora 
were planktonic or floated by means of apparatus of their own. 



^ ICanuBCript recelred by the Secretary of tlie Sodety May 28, 1911. 
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The combined facts of the world-wide distribution of the more com- 
mon graptolites and of their planktonic mode of life^ together with the 
restriction of the graptolites to either the edges of continents or former 
deep submarginal tronghSi lead to the conclusion that the home of the 
graptolites was in the practically permanent oceanic basins, and that they 
were but strangers in the relatively occasional epicontinental seas. 

This conceded, it further follows that these oceans were connected, and 
that the graptolite horizons of world-wide distribution indicate synchrony 
and not merely homotaxy, and thus are probable means of world-wide 
correlation; further, that where the graptolites are found in a series of 
zones they indicate near-oceanic conditions — ^that is, proximity to an 
ocean — the presence of oceanic currents, which carried these planktonic 
organisms through the basin, and possibly, also, a greater depth of water 
than usually occupied contiaental basios and troughs. 

Each of these conclusions requires, again, some qualification and 
explanation. 

First, although a certain percentage of the species in every zone may 
be world-wide, others differ sufficiently to warrant the recognition of pro- 
vincial features also among the graptolites. The minor provincial differ- 
ences correspond apparently to the opposite sides of oceanic basins, the 
larger ones to the different oceans themselves. It follows from this that 
where the latter differences are pronounced, as in part of Ordovicic time, 
that the oceans must on one hand have been in sufficient intercommunica- 
tion to permit world-wide distribution of the common graptolites by the 
currents, and still sufficiently defined and separated to also favor the 
development of provincial characters in the plankton, or, in other words, 
the relative areas of water and land were not materially different from 
the present condition. 

The raference that the graptolites were but strangers in the epiconti- 
nental seas explains the observation that they occur there only sporadic- 
ally — as, for instance, the zone of Monograptus clvntonensis and Reiuk- 
graptus venosus, in the upper Williamson shale of the Clinton of western 
New York. Where graptolite faunules appear as abruptly and for such 
a brief period only, as m the Williamson, it is safe to say that this incur- 
sion is caused by the breaking of an ocean current through a barrier, and 
its free, though short-lived, passage through the basin. In the case of 
the Williamson shale I am convinced that the eastern embayment of the 
Mississippi basin, mapped by Professor Schuchert for the Wolcott-Wil- 
liamson stage, connected at this brief stage with the Appalachian basin^ 
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thereby allowing a current to enter from the east and bring in the multi- 
tude of graptolites. It agrees with this conclusion that the graptolite 
horizon of the Williamson continues farthest east of all the Clinton beds 
recognized in western New York. A similar invasion of graptolites, to 
which we shall recur later, from the east as far west as Cincinnati had 
already taken place in Utica time. 

Where the graptolites occur in a longer series of beds, they indicate a 
trough or basin near an ocean. In the memoir on North American grap- 
tolites I have pointed out the remarkable continuity of the formation of 
graptolitiferous beds in certain regions as indicating that deposition in 
such areas was more nearly continuous than seems to have been the case 
in most other areas of fossiliferous rocks, or, in other words, that the 
conditions producing the deposition of graptolite shales tended to persist 
for a long time in the same region. Prom this it is inferred that long 
series of graptolite zones indicate the former existence of long persisting 
deep troughs in the places where these series are now found. In most, if 
not all, cases these troughs correspond to the sites of Paleozoic geos3m- 
clines. 

But even where the deposition of graptolite beds was apparently con- 
tinuous for a long time, as in our Levis basin, the successive horizons are 
not connected by transitional beds, but marked by the rather abrupt ap- 
pearance of new forms. This means that either our knowledge is still 
imperfect and the connecting subzones have not yet been discovered — 
which is certainly true in some cases — or that many of them do not exist 
in these basins. Ijocalities like the Deep Kill, where several zones could 
be followed bed for bed, would suggest that such transitional zones are 
missing there. This fact, coupled with the planktonic mode of life of 
the graptolites, indicates that this uninterrupted development has to be 
sought in the oceanic basins, and that the horizons seen in the graptolite 
beds are for a large part but snapshots at intervals out of this continuous 
development in the oceans. The non-graptolitiferous intervals mark not 
only the temporary absence of currents sweeping in from the ocean and 
carrying the graptolites through the channel, but they probably also cover 
intervals of non-deposition.* 

Since the Axonolipa were fastened to seaweeds and the Axonophora 
floated free (but judging from the relative stiffness of their axes, prob- 



*At least Doctor Ulrich, who has given me the benefit of his extensive observations 
in this problem with his well known liberality, writes me that he has stratigraphlc evi- 
dence that deposition in these snbmarginal basins was as much Interrupted as that in 
the more Inland basina. 
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ably outside the reach of the waves and in moderate depths of the sea), 
and both were dependent on oceanic currents for transportation, it is 
thought impossible that they could have entered culs-de-sac such as the 
Baltic Sea in any considerable quantities, and their abundant and con- 
tinued presence is taken as indicating the deposition of the beds in either 
the ocean or a sea with free ^ress and ingress. 

Scattered occurrences of graptolites may occur in epicontinental seas 
by the slow action of an entering surface current in a tropical hyperaaline 
sea, such as the Red Sea of today, or through an entering bottom eurrent 
in a brackish sea, as the Baltic Sea now is. 

The black carbonaceous graptolite shales do not indicate conditions of 
a nearly inclosed basin, such as is now exampled by the Black Sea, for in 
the latter life exists only near the surface, and the Axonophora, at least, 
quite surely lived in the more quiet depths, nor would in such a basin be 
found the great mass of floating seaweed to support the Axonolipa. Many 
different graptolite zones occur, as a rule, in a small thickness of rock, 
but sometimes they are also embedded in coarser sediments. The most 
essential requisite for the formation of the black fine grained graptolite 
shales is, therefore, not the depth, but the tranquillity of the water. The 
graptolite shales, therefore, indicate a zone between the agitated water, 
where coarser sediments are deposited, and the dead or currentless watec 
of the deeper sea. Their longitudinal distribution, then, also indicates the 
direction of a coastline, which has to be sought on the farther side of a 
parallel band of coarser littoral sediments, and two such flanking littoral 
bands may be looked for in narrow channels like the Levis Channel. 

The last corollary from the world-wide oceanic distribution of the 
index graptolites is that their zones are not homotaxial, but virtually 
synchronous, these graptolites thus being index fossils for absolute time 
correlation. This conclusion postulates that the new graptolite species 
either developed in all oceans pari passu, or that if new forms originated 
in one oceanic basin they so rapidly spread into the others that deposition 
of rock did not take place sufficiently quick to record this migration in 
the rocks. The former hypothesis of the uniform development of the 
index graptolites in all oceans would presuppose the absence of any 
physical differences in the oceans, and it fails to account for the provin- 
cial forms; the latter hypothesis, of the immediate diffusion of new 
forms, is apparently not quite supported by all the facts, for some of the 
common graptolites do actually appear later in one basin than in another. 
It is thus claimed, to cite one instance, by T. S. Hall that in Australia 
Loganograptus logani appears much later in the graptolite horizons than 
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in Europe, and we may add that we have found the same late appearance 
in the Deep Kill beds of New York. It is hence apparent that these 
graptolites actually traveled from one basin to another, and with different 
rate perhaps through their position in different depths. The great ma- 
jority of the world-wide species, however, appeared together. If these at 
all traveled with the ocean currents they must have, after once entering 
these currents, been diffused in a, geologically speaking, immeasurably 
short time or have appeared synchronously. In that case the identical 
graptolite horizons are the surest means of intercontinental correlation. 

We will now briefly consider the principal cases of wide distribution of 
graptolites. 

The zone of Dictyonema flabelliforme, which in Europe characterizes 
the boundary between the Cambric and Ordovicic, is known as yet from 
the Atlantic basin only, and its occurrence in the base of the graptolite 
zones of the Levis Channel would indicate early Atlantic connections. 
This horizon in Europe was first made the top of the Cambric, and lately 
the bottom of the Ordovicic, and it has been also assigned hi America to 
the top of the first or bottom of the second system by several authors.' 

The Beekmantown zones, as represented by the Deep Kill shales of 
New York, are essentially Atlantic in their composition, but with some 
undoubted Pacific elements, indicative of some connection with the Pa- 
cific at times. The occurrence of these Beekmantown graptolites in 
Arkansas and Nevada would seem to suggest a transcontinental connec- 
tion with the Pacific. The principal Atlantic graptolites are fully at 
home in the Pacific. We find, for instance, one horizon in Victoria, Aus- 
tralia, characterized by Didymograptua bifidtis, D. extensus (?), Tetror 
graptus quadrtbrachiatus, T. serra, T. fruticosus, Dichograptus, Phyllo- 
graptus typus, and P. sp. And the fact that the differences in the time 
of appearance of some important forms between Australia and Europe 
(as the later appearance of Loganograptus logani and earlier appearance 
of Didymograptus hifidus in Australia) are exactly duplicated in our 
Deep Kill zones, and the presence of Gonigraptus thureaui in both Aus- 
tralia and the Levis Channel are strong arguments not only in favor of 
some connection of the Levis basin with the Pacific Ocean, but even of 



* Doctor IJlrlch writes me regarding the age of this horizon : "The Dictyonema flabel- 
Hforme and the main Tetragraptus zones I regard as In large part if not entirely older 
than the lower part of the 4,200 feet of Canadian (Beekmantown) limestones In central 
PennsylTanla. This Is Indicated by the facts (1) that mutations of Didymooraptu% 
VifiduM, D. ismpliM, and Phylloornptus iUcifoUu9 occnr in northern Arkansas only in 
lower Canadian deposits, and (2) that the conglomerates at Quebec contain late middle 
or Dpper Osarklan trllobites." 
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the arrival of some of the forms of this far distant basin by a current 
from the west. 

The writer has inclined to the view that this connection with the Pa- 
cific could have been transcontinental by means of the Beekmantown 
transgression. Doctor Ulrich, however, has arrived at a different view, 
"since the continental seas of the required size and location can not be 
established and indeed seem to have been impossible." He states in a 
letter to me his conception as follows : 

"As I see it, the widely distributed graptolite faanas, like the Tetragraptos 
and Nemagraptus, attained their great dispersal solely by means of oceanic 
currents. The channels in whose deposits we now find these faunas were, as 
you yourself have indicated, thoroughfares for such currents. In the caaee 
of the Levis, Athens, and Ouachita troughs, it seems to me demonstrable that 
they were channels connecting at both ends with Atlantic oceanic basins and 
that they passed around the inner sides (and thus separated off from ttjt 
main mass of the continent) certain large marginal islands (Taconia, Ap- 
pal achia, and Llano). As plotted on my maps, the Levis Channel passes up 
the Saint Lawrence to the east side of the Champlain Valley, and tboice 
south to northern New Jersey, where it joins the Atlantic. The Atbeni 
Cfhannel begins on the north at Chesapeake Bay, extends along the eastern 
side of the Appalachian Valley to central Alabama, beyond which it connects 
with the Gulf of Mexico. The Ouachita Channel connected with the Gnlf 
through the Mississippi embayment, passed westward through central Arkan- 
sas and Oklahoma, and thence probably turned southward to open into sonK" 
western part of the Gulf. 

"How these graptolites got into the Pacific, or how those of the Pacific 
got into the Atlantic is a more difiicult problem. Possibly the isthmian region 
was submerged at such times — or it may be that a channel across northwest- 
em South America afforded tl e necessary means for communication. We do 
not know." 

The graptolite fauna of the Normanskill shale, of approximate Black 
River age, is distinctly Atlantic in its aspect and is common to north- 
eastern America and Europe. But some of its elements have also found 
their way into Arkansas and British Columbia and into the Pacific basin 
and Australia. 

The leading species of the graptolite shales corresponding to the Upper 
Trenton (Magog shale) and of the Utica shale are again common to 
Europe and eastern North America and are Atlantic forms. In Utica 
time an arm of the Atlantic entered from the northeast, or Lower Saint 
Lawrence region, far on the continental platform, and, as indicated by 
the graptolite facies, had one or more outlets that completed a circuit 
back to the Atlantic, the current entering from the Saint Lawrence re- 
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gion, according to evidence found by the writer, in the prevailing direc- 
tion of fossils in the Mohawk region. A few of our Utica forms, as 
Diplograptus quadrimv^ronatus, Dicranograptus nicholsoni, again have 
reached the Pacific basin, but not by way of a North American epiconti- 
nental sea. 

The absence of typical graptolite shales in the Frankfort and Lorraine 
suggest that then the arms of the sea that spread over the continent, at 
this time from the south, were ending blind toward the northeast. 

The Siluric, aside from small occurrences on our northeastern Atlantic 
border, has furnished only two occurrences of graptolites in the William- 
son shale of the Clinton and a later one in the Niagaran of eastern Mis- 
souri. Since only the Upper Siluric graptolite faunas of the Atlantic 
basin are as yet known, no evidence as to the possible relationship of 
these faunules to other than the Atlantic basin is at hand. 

In conclusion, I wish to emphasize the fact that inasmuch as the 
graptolites as planktonic organisms were able to cross the oceans and seas 
directly instead of creeping along the shores, as the littoral benthonic 
faunas did, they must not only have wandered infinitely faster and far- 
ther, but may even have gone in opposite directions to the coexistent 
littoral faunas. While the appearance of the latter proves the establish- 
ment of a bridge or littoral highway, that of the former often indicates 
the opening of an oceanic highway with currents as carriers for the 
graptolite fauna. And while the former, as a rule, are separated by the 
deep sea, the latter are connected by it. 
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Definition and origin op Coral Beef 

A coral reef is a ridge or mound of limestone, the upper surface of 
which lies, or lay at the time of its formation, near the level of the sea, 
and is predominantly composed of calcium carbonate secreted by organ- 
isms, of which the most important are corals. A coral reef is, therefore, 



^ Manuscript received by the Secretary of the Society May 28, 1911. 
Published by permission of the Director of the United States National Mnaeum. 
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primarily a limestone formed through the activity of organiams secreting 
carbonate of lime. 

Since the physical conditions prevalent during the formation of fossil 
coral reefs can not be ascertained by direct observation, it is necessary to 
resort to the process of deduction. Evidence for establishing criteria 
may be derived from two sources: The first, through the study of the 
conditions under which modem reefs are formed, and the determination 
of the factors necessary for the physiologic activity to which large accu- 
mulations of calcium carbonate are due ; the second, through the investi- 
gation of the physical character and the nature of the bedding or stratifi- 
cation of the sediments in which the fossil reefs are embedded. An 
attempt will be made to derive criteria from both these sources and to 
apply them in the elucidation of the problem. 

Rboent Cosal Bbefs 
composition 

A modem coral reef is not entirely composed of the skeletons of corals,, 
the remains of nullipores, mollusks, echinoids, and littoral foraminifera 
forming important constituents. Eeef corals do not exclusively belong 
to the Madreporia, the Alcyonaria and Hydrozoa both contributing a cer- 
tain quota of material. In the succeeding remarks the distribution of 
these groups of organisms with reference to depth and intensity of light, 
temperature, motion of the water, character of bottom, composition of 
the oceanic salts, and specific gravity of the water will be considered. 

DEPTH OP WATER AND INTENSITY OP LIGHT 

The literature on the maximum depth at which reef-building Madre- 
poraria may grow vigorously is extensive, and there is practical unanim- 
ity among all investigators that 25 fathoms is the greatest depth at 
which they work effectively, although an occasional reef species may ex- 
tend dovmward to a depth of 40 fathoms. The most luxuriant growth, 
however, is in shallower water, from just below low tide level to perhaps 
10 or 15 fathoms. These bathymetric limits of the Madreporaria 
usually apply to the Alcyonarian Heliopora and Tvbipora, the Hydroid 
Milleporay and the Nullipores, although Heliopora and Millepora in the 
Maldives are important constmctional agents to depths between 35 and 
40 fathoms, and Nullipores extend to a depth of 35 fathoms.' 

Several factors besides pressure are correlated with increasing depth. 
One is the intensity of light. In this connection the following remarks 



* J. Stanley Gardiner : Fanna and geocrapby of the lialdlye and Laccadiye arehlpela- 
goca, pp. 842-826. 
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are quoted from Prof. Johan Hjort's article on "The Michael Sars North 
Atlantic Deep-Sea Expedition :" ' 

. . . "Now, If we calculate the depth to which the rays of the sun pene- 
trate, after passing through the same distance In the water, assuming always 
that the rays are direct, and that the rate of obsorptlon Is the same, we find 
that the rays will have passed through the same distance to reach a depth of 
500 meters in 50 degrees north latitude that they will pass through to reat-b 
650 meters in 33 degrees north latitude, or 300 meters In 67 degrees north 
latitude. 

"However, the transparency of the water varies greatly in different regiouK. 
If we take the results of previous observations during different exi^editions, we 
may set down the visible depth In the open sea as being, roughly, 50 meters in 
33 degrees north latitude, 40 meters in 50 d^rees north latitude, and 2r» meters 
at the outside in the Norwegian Sea in 67 degrees north latitude. Taking tliis 
into consideration, we find that there will be the same intensity from the 
rectilinear rays — 

"In 33 degrees north latitude, at about 800 meters' depth. 

"In 50 degrees north latitude, at about 500 meters' depth. 

*'In 67 degrees north latitude, at about 200 meters' depth." 

"During the Atlantic cruise of the Michael 8ar8 we undertook a series of 
measurements of the intensity of light with a photometer constructed by Dr. 
Helland-Hansen ; to determine the intensity of the different color rays. Dr. 
Helland-Hanseu made use of panchromatic plates and gelatine color-filters. 
The observation south and west of the Azores (that is to say, at the southern 
stations) showed that the rays of light strongly affected the plate at a d^th 
of 100 meters. The red rays were weakest here, while the blue and ultra-violet 
rays were stcongest At a depth of 500 meters the blue and ultra-violet rays 
were still distinctly visible, and at a depth of 1,000 meters the ultra-violet raj-s 
were yet perceptible. In 1,700 meters, however, there was not the faintest 
trace of light, even after the plates had been exix>sed for two hours in broad 
daylight." 

A natural experiment at the Tortugas shows the effect of light on the 
habitat of shallow-water species. The government wharf at Fort Jef- 
ferson is supported by iron piles coated with cement. On all the periph- 
eral piles (on both ends and on both the landward and seaward sides of 
the wharf) there are many corals^ while those in the permanently shaded 
area bear none at all. Species of reef corals placed in a light-proof live- 
car die after the light has been excluded for several weeks. Strong light 
is one of the essentials for the life of recent species of reef corals.* 



■ This quotation la from a proof copy kindly loaned by Sir John Murray. The article, 
a lecture before the Royal Geographical Society, appears in the Geographical Journal, 
1011 ; but as I have not, on June 22, seen the issue of the BCagazine containing It, I 
can not giye the page reference. 

' The presence of commensal algs (ZoanthoxellB) la here noted, but a dlacuaalon of 
tbwn and their functiona would be too great a dlventon. 
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Decrease in temperature with increase of depth in the ocean is well 
known. 

TBMPBRATURB 

Dana long ago showed the minimum temperature of the year to be a 
critical factor in determining the possibility of reef corals living in a 
locality where conditions were otherwise favorable for their growth, and 
designated 68 degrees Fahrenheit as the lowest temperature these organ- 
isms could stand. The mean annual temperature of the water must be 
above 70 degrees Fahrenheit. Therefore a high temperature is neces- 
sary for the vigorous growth of reef-building corals. 

The importance of high temperature for the secretion of carbonate of 
lime in quantity by marine organisms can best be presented by giving 
the words of Sir John Murray :■ 

"During the past year or two I have carefully collected all the available 
temperatures of the surface waters of the ocean, and from these have con- 
structed a map showing the annual range of temperature in different regions 
of the ocean. This map shows that the surface of the sea may be grouped 
into five great zones, namely: (1) A nearly continuous equatorial zone, where 
the temperature is high and the range throughout the year does not exceed 
10 degrees Fahrenheit. This zone includes ail the principal coral-reef regions. 
(2 and 3) Two polar zones, where the temperature is low and the annual 
range likewise does not exceed 10 degrees Fahrenheit. In these zones there 
are relatively few lime-secreting organisms. (4 and 5) Two regions lying 
between the equatorial zone and the two polar zones, where a wide range ot 
temperature occurs between the different seasons (the annual range amount- 
ing to as much as 52 degrees Fahrenheit in some places). In these temperate 
regions the secretion of carbonate of lime appears to be much more active m 
the warmer than in the colder months. It thus appears that the most favor- 
able conditions for lime-secreting organisms are met with in the warm, 
equable tropical waters of the ocean, and here, as a matter of fact, we find 
the greatest development of corals and the largest number of lime-secreting 
pelagic organisms. In the polar areas and In the cold water of the deep sea 
there Is, as is well known, a feeble development of all carbonate of lime 
structures in marine organisms. 

"From experiments which have been carried out by Mr. Irvine and myself 
at the Granton Marine Station we have reason to believe that this distribution 
is dependent primarily on the physical or temperature conditions of the 
oceanic waters. When carbonate of lime is precipitated by alkaline solutions, 
such as carbonate of soda, carbonate of ammonia, or carbonate of methyl- 
amine, the effect of temperature is very marked, and ft appears to be the case 
that the secretion of carbonate of lime by organisms is of the nature of a fine 
precipitation in the interior of the soft structures.^ If we add sufficient car- 
bonate of ammonia to sea water at different temperatures to convert all the 



• Natural Science, vol. II, 1897, pp. 25-27. 

'Murray and Irvine: Proc. Roy. Soc. Bdln., vol. xvli, 1890, pp. 79-109. 
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lime salts present Into carbonate, we obtain a precipitate which Tarlea both 
in its crystalline form, in amount, and in time of formation. At 32 desrees 
Fahrenheit the precipitate begins to form in about six hours as small but 
distinct crystals of calcite, the quantity in twenty hours amounting only to 
0.2 gramme from a litre of water. At a temperature of about 47 degrees 
Fahrenheit a mixture of calcite and aragonite is precipitated; at 80 degrees 
to 90 degrees Fahrenheit the quantity precipitated is about 0.6 gramme; the 
precipitate begins to form in from a half to one hour, and it appears to con- 
sist of minute crystals of aragonite. It thus seems evident that carbonate of 
lime would be more easily and more rapidly secreted in the high temperatures 
of the tropics by means of the effete products of the organism." 

MOTION OF THE WATER 

The adaptations of shallow-water corals to their respective habitats 
are various. Although this subject has received more or less attention 
since the days of Darwin, there is still some divergence of opinion. 
Areas swept by strong, continuous currents are not favorable for the 
growth of corals, as the free-swimming planulse have no opportunity to 
aflBx themselves. Some species grow best where they are protected from 
the ocean breakers; others thrive best in the region of the breakers or 
just below the level of their pounding. For vigorous growth, the water 
needs to be agitated and changed — ^that is, there must be circulation that 
will continually supply fresh water. 

CHARACTER OF BOTTOM 

The bottom must be firm or must be overlain by masses of rock, so as 
to supply suitable conditions for the attachment of settling coral larvae, 
and the waters must be relatively free from silt, as deposits of such 
material will bury the young corals and in considerable quantities will 
smother older specimens. 

COMPOSITION OF THE OCEANIC 8ALT8 

There is no noticeable difference in the composition of the oceanic 
salts in coral-reef regions from that in other regions of the ocean. The 
following data are taken from P. W. Clarke's "The data of geochem- 
istry,'' pages 94-95: 

Mean of Seventy-seven Analyses of Ocean Water from many LocaliUes, 
collected by the Challenger Expedition 

W. Dittmar, analyst Challenger Report, Physics and Chemistry, vol. 1, 1884, 
p. 203. Salinity, 3.301 to 3.737 per cent 

a 65.292 

Br 188 

SO* 7.082 

00, 20T 
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Na 30.603 

K 1.106 

Eb 

Ca I.IOT 

ICg 3.725 

Ffe, 8I0» PO« 

Fe, NH4, NO, 

A1,0„ Fe^O., SIO, 



100.000 



"... allowing for all possible sources of divergencet the essential uni- 
formity in comi)08ition of ocean salts is perfectly clear. The mass of the 
ocean is so great, and the commingling of its waters by winds and currents is 
so thorough, that the local changes produced by the influx of rivers are ex- 
ceedingly small. The salinity may range from less than 1 to over 4 per cent, 
but the saline composition remains practically the same." 

SPECIFIC GRAVITY OF THE WATER 

The following data have been compiled from the Challenger reports : 

Jjocalitles. Range in specific gravity at 16' 66 C. 

Atlantic Ocean: 

Bermuda to Azores 1.02686 to 1 .02715 

Cape Verde Islands to Saint Paul Rocks 1.02580 to 1.02706 

Saint Paul Rocks to Fernando Noronha. .'. 1.02667 to 1.02609 

Fernando Noronha to Bahla 1.02628 to 1.02748 

Pacific Ocean: 

Tongatabu to Fiji Islands 1.02640 to 1.02659 

Fiji Islands to Cape York, Australia 1.02609 to 1.02672 

Meangis Islands to Admiralty Islands 1.02405 tx> 1.02576 

Meangis Islands to Japan 1.02564 to 1.02570 

Admiralty Islands to Japan 1.02571 to 1.02580 

Sandwich Islands to Tahiti 1.02587 to 1.02696 

Tahiti to Valparaiso 1.02714 to 1.02519 

The total range is from 1.02405 to 1.02748, or .003. 

To sunmiarize the data on conditions under which modern coral reefs 
are formed: (a) depth, maximum, 25 fathoms, light strong; (6) tempera- 
ture, annual TnJTn'nmTn^ 68 degrees Fahrenheit; annual mean, above 
70 d^rees Fahrenheit; (c) water, agitated and circulating; (d) bottom, 
firm or rocky, without silty deposits; (e) composition of the oceanic 
salts, as for the oceanic waters as a whole; (/) specific gravity, as for 
the ocean in general, range 1.02405 to 1.02748. Of these conditions 
shallow water, strong light, high temperature, circulating water, a com- 
paratively clean sea-floor, and a chemical composition of the water in- 
suring a supply of calcium salts for the formation of the skeletons are 
essential. 
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Paleozoio Coral Besfs^ 
in qbnbral 

The following sketch of Paleozoic reefs is very general, and is in- 
tended merely to indicate their wide stratigraphic and geographic dis- 
tribution, at the same time mentioning a few of the more abundant 
types and facies of reef -forming organisms. 

CAMBRIAN 

North America. — In the lower Cambrian the Archceocyathina form 
banks of reef-like character in Newfoundland, California, and Nevada, 
There are, in a zone comprising a part of the upper Cambrian and the 
lower part of the Calciferous in New York, Pennsylvania, Virginia, Ten- 
nessee, Missouri, Wyoming, and Alaska, reefs predominantly composed 
of Cryptozoon. 

Other lands. — Outside of North America the Archceocyathinm are 
found in Sardinia, Spain, northern Scotland, northern Siberia, and 
Australia. 

ORDOVIOIAN 

North America. — Eeefs of Cryptozoon minnesotensis occur in the 
lower part of the Canadian group, in Vermont, New York, Alabama, 
Arkansas, and Minnesota. In the Chazy group reefs are formed bv 
iStromatocerium and StyJarcpa in New York, Tennessee, Kentucky, and 
Oklahoma; in the Black River, by Stromatocerium, Columnaria, Tetror 
dium, and Hahjsites in Canada, New York, along the Appalachian Val- 
ley to Alabama, in Kentucky, Tennessee, Missouri, Wisconsin, and Min- 
nesota; in the Trenton group, by Stromatocerium, Columnaria, and 
Tetradium in Tennessee and Kentucky; in the Cincinnatian, by Stro- 
matocerium, Columnaria, and Tetradium in Tennessee and south central 
Kentucky. In the Richmond group there arc reefs composed of Sirth 
matocerium, Columnaria, Tetradium, Beatrivia, Laheckia, Calapacia, 
Favosites, Tlalydies, and Ilelioliies in Baffin Land, Anticosti, northern 
Michigan, Illinois, Indiana, Kentucky, Tennessee, Texas, Oklahoma, 
Arkansas, Missouri, Colorado, Nevada, Wyoming, and Alaska. 

SILURIAN 

North America. — Tn the Niagaran group reefs are formed by Stromato- 
poroidfi, FavoMtes, Ilahjidtes, HelioUtes, Lyellia, Zaphrentis. and Cyatho- 

^This account of Paleozoic coral reefR Is based mostly on oral Information received 
from Mr. B. O. Ulrlch. Freeh's "ITel)er Korallenrlffe und Ihrem Antell an dem Aufbau 
der Erdrlnde." HImmel und Erde., Bd. ft, 1897, p. 97 et seq. : Zlttel, Trait* de Pal. t, 1: 
Gelkle'B "Text-book of geology ;" Dana's "Manual of geology," and Grabau's "Paleoiolc 
coral reefs," Bull. Geol. Soc. America, vol. 14, 1903, pp. 337-352. 
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phyllum in Wisconsin, Indiana, Ohio, Illinois, Kentucky, western Ten- 
nessee, Iowa, and British Columbia; in the Cayugan, reefs are locally 
formed by Stromatoporoids, Favosites, and Halysites in New York and in 
the Appalachian Valley in Pennsylvania, Maryland, Virginia, and Ten- 
nessee. 

Europe, — Silurian reefs are reported in the Bala, upper Llandovery, 
and Wenlock groups of Great Britain, and in Norway, Gotland, the 
Baltic provinces of Russia, and Bohemia. 

DBVONIAN 

Narih America. — ^The Helderberg group contains reefs composed of 
Stromatoporoids, Favosites^ HcUysiteSy and a few Rugosa in New York, 
in the Appalachian Valley in Pennsylvania, Maryland, Virginia, West 
Virginia, eastern Tennessee, and Oklahoma; the Onondaga, reefs of 
Stromatoporoids, FavositeSy Micheliniay Cyathophyllum, Zaphrentis, 
PhilHpsastrcBa^ Acervula/riay Cysiiphyllumy etcetera, at the southern end 
of Hudson Bay, in New York, Pennsylvania, Virginia, Indiana, Ken- 
tucky, and Minnesota; the Hamilton, reefs of Stromatoporoids, Favo- 
sites, Michelinia, and Cyathophylloids and other Rugosa in Ontario, New 
York, and Michigan. The upper Devonian reefs are composed of 
Stromatoporoids, Micheliniay and Pachy phyllum (the earlier rugose 
types of corals have become rare) in Iowa, Missouri, and Illinois. 

Europe. — Devonian coral reefs are found in Devon, Boulogne sur Mer, 
Eifel, Ardennes, Belgium, Cologne, Elbingerode in the Harz, and the 
Kamish Alps. 

CARBONIFEROUS 

North America, — There are no known reefs, properly speaking, in the 
Mississippian. In the Tennesseean, reefs composed of Micheliniay 
LonsdaJeiay Liihostrotion, Zaphrentis, etcetera, occur in Indiana, south- 
em Illinois, Kentucky, Tennessee, and Alabama; in the Pennfiylvanian, 
Chcetetes and the rugose Campophyllum form reefs in the region from 
Texas to Kansas, and sporadically elsewhere. 

Europe, — The carboniferous limestones of Ireland, Scotland, Bel- 
gium, and central Russia contain reefs composed of Rugosa, Zaphrentis, 
Amplexus, Diphyphyllum, Clisiophyllum, Lithostrotion, Strephodes, and 
Columnaria; also Favosites, Syrvngopora, and Chcetetes. 

A review of the reef-forming Coelenterata of the Paleozoic formations 
shows that beginning with the Ozarkian group of the Cambrian the 
same large groups that are at present active reef-builders were then 
abundantly represented. 

The ArchoRocyathincB of the lower Cambrian were simple corals, and, 
although sufficiently abundant to form beds predominantly composed of 
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their remains, did not possess the massive facies of the typical leef- 
builders ; it may, therefore, be unsafe to make from biologic data a de- 
duction applying to them. But some information is furnished by the 
nature of the sediments in which they are embedded. Walcott" gives 
the following localities for the species: Silver Peak, Nevada; Straits of 
Belle Isle, Labrador, and conglomerate limestone east of Troy and 
Schoolhouse No. 8, Washington County, New York. In the Silver 
Peak section the ArchceocyathincB occur in a limestone and silico-argillar 
ceous shale in association with Olenellus gilberti; in the Straits of Belle 
Isle, in gray, reddish, and greenish limestones, there occur the character- 
istic coral-reef limestones varying in thickness from 25 to 50 feet ; east 
of Troy, New York, in a brecciated limestone showing evidences of wear 
in most instances. Walcott says: 

"The arenaceous beds (with ripple marks and trails) of the western 
Neyada-Callfomla area and the Interformatlonal conglomerates of eastern 
New York proves the presence in both areas of relatively shallow water."* 

We can therefore safely say that some Archceocyathince lived in shoal 
water, and, as they formed considerable accumulations of calcium car- 
bonate, they probably lived in a warm sea. Begarding the oceanic tem- 
perature of the Lower Cambrian, Walcott says, in the article already 
cited : 

**That more or less uniform and favorable, even warm, climatic conditions 
must be appealed to In explanation of the widespread occurrence of almost 
identical coral-like organisms in the Lower Cambrian and of the vast numl)er 
of individuals of various species of trilobites, etcetera, in Middle Cambrian 
time." 

In the Upper Cambrian the Stromatoporoid Cryptozoon obtained a 
great development, and continued into the basal Ordovician. This 
Hydrozoan formed spherical masses from 1 to 2 feet in diameter, or 
formed greatly expanded plates a foot or more thick and from 5 to 100 
feet in horizontal extent. 

The Rugosa arc represented in the Middle Ordovician by Columnaria; 
the Alcyonaria, represented by Halysites, Heliolites, etcetera, soon ap- 
pear, and the great coral reef-builders of Paleozoic time were initiated. 
These reefs are formed by the Hydroids, Stromatocerium, Stromatopora, 
Beatricia, LabechiUy etcetera; the Alcyonarian, Halysites, Heliopora, 
etcetera; Favosites and its allies; a great profusion of Eugosa, includ- 
ing many genera of massive facies, as Columnaria, Eridophyllum, Cya- 

■ Tenth Ann. Rept. U. 8. Geol. Survey. 1890 ; Bull. U. 8. Geol. Survey, No. 30» 1886. 
•Outlines of geologic history, with especial reference to North America. SymporinB 
organized by Bailey Wllirs. p. 86. 
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thophyllum, Stauria, Acervularia, PhUlipsastrcBa, Strombodes, Pachy- 
phyllum, etcetera, and genera usually simple, but often with large indi- 
viduals, as Zaphrentisy Streptelasma, Ampleams, Blothrophyllum, Cysti- 
phyllum, Heliophyllum, etcetera, and Chcetetes. 

On the reefs of the present day the Hydroids are represented by 
Millepora; the Alcyonaria by Heliopora and Tubiporay and the Madre- 
poraria by the composite group of coral designated the Hexacoralla. 
The same groups of reef-building organisms are represented in both the 
Paleozoic and Becent seas ; in both they have the same f acies as regards 
growth-form ; in both their physiologic activity has resulted in the secre- 
tion of large quantities of carbonate from the surrounding sea-water, 
and in both submarine banks, known as coral reefs, have resulted. The 
general similarity of the organisms and the similarity in the result of 
their physiologic activity assuredly suggest similarity of conditions under 
which the physiologic process took place. 

Certain Paleozoic reefs have been described in sufficient detail to give 
additional information on the conditions under which they were formed. 
Regarding the Silurian reefs of Gotland, we know that "on the flanks of 
the reefs are found conglomerates and breccias of coral masses, such as 
Halysites and Cystiphylluniy and crinoidal remains/'" The matrix of 
the Silurian reef exposed in Anschiitz* quarry, Cedarburg, Wisconsin, 
^Tias the structure of a sandstone, by which name it is familiarly known.'* 

Orabau furnishes the following information on the Devonian reefs of 
Wisconsin and New York: 

•The reefs in the vicinity of Alpena [Michigan] are best exposed In the 
quarries opened in the Alpena limestone, which has a thickness of about 35 
feet and is the middle member of the Hamilton or Traverse group In the 
Thunder Bay region. Reefs occur in higher and, to some extent. In lower 
strata of the group, but none of these are well exposed. 

"In outline the reef is roughly dome-shaped, with slopes sometimes as great 
as 30 or 40 degrees. The height of the dome is equal to the thickness of the 
limestone stratum — ^about 35 feet in this region — ^and the greatest diameter, 
which is near the base, is perhaps several hundred feet The chief reef- 
builders represented are Favoaitea, Acervularia, and Stromatopora, which 
form the main mass of the reef, while between them are found the smaller 
corals and bryozoa, as well as brachiopods, crlnoids, and a few other types 
of organisms. There is an absence of stratification in the central reef mass, 
the structure being exceedingly irregular. Between the corals and shells Is 
found a filling of coral sand, which generally consists of rather coarse frag- 
ments with a predominance of crinold Joints. Solution and recrystalllzation 
have not Infrequently taken place, with the result that dog-tooth spar is of 
common occurrence. 

rrhe coral heads are generally of large size; sometimes they are OYec- 



'•OratMUi : Bull. GeoL Soc. Amertca, vol. 14, p. 848. 
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turned, but most af them appear to lie in their normal position of growth. Id 
some places the crystalline coral sand forms most of the reef exi)08ed, the 
large coral heads being scattered through the sand. The sand shows no 
stratification, so far as observed. The sand filling the cavities of the reef Is 
generally much coarser than that forming the normal sediments on its flanks. 
In places at some distance from the center of the reef the rock consists of a 
breccia made up of brachiopods, bryoioa, and the small branching corals, witb 
a plentiful Interspersing of the joints of crlnoid stems." 

Concerning the reefs of the Traverse Bay region of Wisconsin, Grabau 
says: 

"At intervals the section passes near enough to the reef to show the pres- 
eiu^e of numerous coral fragments. The fragments are all much won) and 
broken, and are embedded as boulders or pebbles In the stratified lime sands. 
Where they are abundant they constitute a veritable coral conglomerate 
(calcirudite) , such as may be found near the borders of modem reefs. Good 
exposures of such conglomeratic beds are found in the quarries and shore 
sections east of Petoskey, where these coral pebbies (chiefly Acervularia and 
Favositea and the hydrocoralUne Stromaiopora) give the rock a strikingly 
mottled appearance. Not Infrequently seams of carbonaceous material sepa- 
rate some of the layers of limestone, and in these plant remains are not un- 
common. Within the thicker beds themselves the phenomena of contem- 
poraneous erosion, of the wedging out of strata, and, occasionally, of cross- 
bedding and ripple marks, are met with. Indeed, all the phenomena seen in 
heavy bedded sandstones are found in these fragmental deposits." 

He says, in describing the Onondaga reef of Williamsville, New 
York: 

'*The corals of the bedded limestone in the neighborhood of the reef are 
fragmental and may lie in almost any position. They Indicate considerable 
wave activity around the margins of the reef." 

By applying the criteria derived from the study of the conditions 
under which Coelenterates may live and secrete calcium carbonate, and 
from the investigation of the physical characters, the bedding, and strati- 
fication of the sediments in which the coral reefs are embedded, the 
conclusions seem to follow: 

DEPTH OF WATER AND INTENSITY OF LIQHT 

An examination of the modem reef-forming corals has shown that 
they are effective workers only in depths less than 25 fathoms. Because 
of the zoologic affinity of the organisms, their similarity in growth-form, 
and the similarity of the result of their physiological activity, the con- 
clusion appears justified that the reef-forming Coelenterates of Paleozoic 
time lived in a depth of water similar to that in which those of Recent 
time live, or the Paleozoic reefs were formed in water not over 26 fathoms 
in depth. 
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An examination of the matrix in which the Paleozoic reef-forming 
corals are embedded gives information from another source bearing on 
the depth at which they grew. In the accounts of the Silurian reefs of 
Gotland, it is stated that ^^on the flanks of the reefs are foimd conglom- 
erates and breccias of coral masses.'^ The matrix of the Silurian reef 
exposed in Anschiitz^ quarry, Cedarburg, Wisconsin, has the structure 
of a sandstone. The spaces between the coral heads of the Devonian 
reef in the vicinity of Alpena, Michigan, ^^are filled with coral sand, 
which generally consists of rather coarse fragments with a predominance 
of crinoid joints. The sand iilling the cavities of the reef is generally 
much coarser than that forming the normal sediments on its* flanks.^' 
The Devonian reefs of the Traverse Bay region comprise "conglomeratic 
beds, while within the thicker beds themselves the phenomena of contem- 
poraneous erosion, of the wedging out of strata, and, occasionally, of 
cross-bedding, and ripple-marks are met with. Indeed, all the phenom- 
ena seen in heavy bedded sandstones are found in these fragmental de- 
posits.'^ In the Onondaga reef of Williamsville, New York, "the corals 
of the bedded limestone in the neighborhood of the reef are fragmental 
and indicate considerable wave activity around the margins of the reef.'' 
From these data the conclusion is forced that the Silurian reefs of Got- 
land and Cedarburg, Wisconsin; the Devonian reefs of Alpena, Michi- 
gan, and Traverse Bay, Wisconsin, and the Onondaga reef of Williams- 
ville, New York, were formed in water so shallow that they were within 
the influence of surface waves. An examination of the types of organ- 
isms composing these reveals that massive corals, such as Stromatopora, 
Favosites, Acervularia, etcetera, are important. Professor Schuchert 
informs me that he has seen in the Devonian reefs at Louisville, Ken- 
tucky, heads of Cyathophyllum "probably not less than 8 feet across," 
and near Alpena, Michigan, Stromatopora heads "that were certainly not 
less than 12 feet in diameter." As the reef-building organisms of Paleo- 
zoic time consist of Stromatopora and its allies, of Favosites, of masses 
of Alcyonarians, as Haiysites, and massive Bugosa, the opinion seems 
justified that all Paleozoic reefs were formed in very shallow water, as it 
is probable that closely related organisms of the same facies lived under 
similar conditions. 

The application of both the criteria derived from a study of Recent 
coral reefs and from a study of the sediments in which the Paleozoic 
coral reefs are inclosed leads to the same conclusion, which is, that 
Paleozoic coral reefs were formed in shallow water, often or usually at a 
depth not greater than that of the possibility of wave action. It seems 
that 25 fathoms may be considered a safe maximum of the depth for 
their f ormation* 
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The intensity of the light on the Paleozoic ree& is a corollaiy of the 
depth. Sunlight can penetrate beyond 25 fathoms in depth; therefore 
the Paleozoic leef corals lived within the region of strong light; and the 
opinion is ventured that the intensily of the light was a controlling fac- 
tor in limiting the distribution of these organisms in Paleozoic time, as 
it is at present. 

TBMPBRATVRB 

In summarizing the data on the conditions in which modem reefs 
are formed, it was stated that the annual minimum temperature must 
not be below 68 degrees Fahrenheit and that the annual mean tempera- 
ture must be above 70 degrees Fahrenheit. In the quotation given from 
Sir John Murray on the influence of temperature on the secretion of 
calcium carbonate by marine organisms is the statement: 

''It thus appears tbat the most favorable conditions for Ilme-Becreting organ- 
isms are met with in the warm, equable tropical waters of the ocean, and 
here, as a matter of fact, we find the greatest development of corals and the 
largest number of lime-secreting pelagic organisms. In the polar areas and 
In the cold water of the deep sea there is, as is well known, a feeble develop- 
ment of all carbonate of lime structures in marine organisms.'* 

A high temperature. is necessary for vigorous organic metabolism and 
facilitates the secretion of carbonate of lime. The size of some of the 
Paleozoic coral heads indicates how vigorous was this secretion by the 
Paleozoic zoophytes. From an examination of modem reefs and a study 
of the conditions favorable for the organic secretion of large masses of 
the carbonate of lime, the deduction seems safe that the Paleozoic coral 
reefs were formed in water of rather high temperature, the annual mini- 
mum not being lower than a temperature between 60 and 70 degrees 
Fahrenheit ; and the annual mean, probably above 70 degrees Fahrenheit. 

MOVEMENT OF OCEANIC WATERS 

That the waters surrounding the Paleozoic reefs were in motion, not 
stagnant, needs only brief discussion. That the waters were agitated is 
indicated by the coarseness of the sediments on some of the reefs and by 
such phenomena as ripple-marking. 

CHARACTER OF THE BOTTOM 

For modem reefs a comparatively clean and rather firm bottom ia nec- 
essary for the growth of zoophytes. The organisms need proper basal 
support, and the accumulation of fine sediment is fatal to them. We 
may be confident that similar conditions were necessary in Paleozoic time. 

COMPOSITION OF THE OCEANIC SALTS 

An opinion on the composition of the oceanic salts in the Palsoioic 
era can not be based on any very definite evidence^ but thnre Beems no 
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special reason, pethaps, excepting rery early stages in the earth's his- 
tory, why the composition of the salts in solution in the ocean should 
have varied from one geologic age to another. Because of the lithologic 
similarity of material in suspension laid down as sediments in the oceans 
from Paleozoic to Becent time, it appears probable that the material in 
solution was also similar throughout the geologic ages. The marine 
organisms of the earlier geologic ages, although different from those of 
the later, represent the same zoologic groups, and their skeletons indi- 
cate the extraction of salts from the medium in which the animals lived 
by similar physiologic processes. The available evidence indicates that 
the oceanic salts in Paleozoic time were not essentially different from 
those of the ocean of today. 

BPBOIFW GRAVITY 

There are no means of directly obtaining light on the specific gravity 
of the oceanic waters in Paleozoic time, but we may reach an opinion on 
the subject through inference. The specific gravity of ocean water is 
determined by the quantity of salts in solution, and of these the calcium 
salts are important. As the Paleozoic lime-secreting organisms required 
calcium salts to be in solution in the medium in which they lived, a spe- 
cific gravity of the oceanic water considerably above that of pure water 
was necessary. Although a quantitative estimate can not be given of the 
specific gravity of Paleozoic oceanic waters, it may be stated that salts 
were contained in solution, calcium salts were important constituents, and 
it appears probable that there has been no great variation in the specific 
gravity of the water of the ocean since that time. 

BVMMAR7 

All the data obtainable from various sources indicate that the Paleo- 
zoic coral reefs were formed under conditions similar to those under 
which Becent reef corals live." 

The conclusions may be sunmiarized as follows: 

(a) Depth, maximum, 25 fathoms; light, strong. 

{h) Temperature, annual minimum not lower than between 60 and 
70 degrees Fahrenheit and probably above 70 degrees Fahrenheit. 

{c) Water, agitated and circulating. 



tt Bonney nys tn his appendix to Darwin's "Structure and distribution of coral reefs/* 
p. 881 : "MoreoYer, the aporo9a and fiMdreporaria, which are now the chief reef-builders, 
hare only become common since the conclusion of Paleoasolc ages, so that the largest 
Ttrtame of the geloglcal history of the earth Is excluded from consideration, because in 
the time which It ooyera the habits of the reef-builders may have been different.** The 
eyldence here presented shows,- in my opinion, that the habits of reef-building corals 
hM,Y9 always been similar. 
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(d) Bottom, clean or relatively free from deposits of silt. 

(e) Composition of the oceanic salts, probably the same as in the 
ocean of the present day. 

(f) Specific gravity of the oceanic waters, probably about as in the 
ocean of today. Certainly the specific gravity was high enough to fur- 
nish the large quantities of calcium salts demanded by the reef organisms 
for the formation of their skeletons. 



BEARING OF TEB PALEOZOIC BRTOZOA ON PALEOGEOQBAPHT ^ 
BY B. O. ULRICH 

The Bryozoa undoubtedly lead all other Paleozoic invertebrates except 
the Ostracoda in abundance of individuals, and probably also in specific 
differentiation. They occur more or less profusely in all kinds of de- 
posits save in the coarser quartzosc sandstones and in black shales. Thej 
seem to have preferred waters depositing slightly argillaceous limestone. 
Like their recent representatives, they flourished best in relatively quiet 
waters and at depths little beyond the zone of violent wave action. In 
their mature development and habits of growth they are essentially bot- 
tom-dwelling sessile organisms, their calcareous colonies being attached 
to stones, dead shells, and other foreign objects. It is for this reason 
that they are absent or rarely found in black shales, in which littoral, and 
in fact bottom-dwelling invertebrates of all sorts, are similarly infrequent. 
Although usually fixed in their mature stages of growth, their larval forms 
are free-swimming, and this fact, doubtless, accounts for the great geo- 
graphic distribution often attained by species of this class. It also sug- 
gests that their dispersal, which was greatly facilitated by currents, took 
place rapidly, and in this lies their great value as horizon markers. In 
fact no other group of organisms has proved of greater value in strati- 
graphic correlation. 

In general aspect bryozoan colonies vary exceedingly. Some form 
masses several feet in diameter and grow so profusely as to almost rival 
the corals in reef-building. Some are hemispheric, others twiglike or 
bushy, but more of them, especially of the middle and late Paleozoic 
species, form vorv delicate lacelike fronds or incrustations. 

The Bryozoa seem to have originated in the Caribbean Sea or Qulf of 
Mexico, the oldest representative being a species of Nicholsonella, found 
in Canadian rocks in northern Arkansas, laid down by waters invading 



1 Manuscript reoeiyed by the Secretary of the Society May 23, 1011. 
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the Mississippian embayment. The prevailing types in the Ordovician, 
in which deposits they for the first time attain any considerable abun- 
dance^ belong to the solid massive forms known as the Trepostomata. 
Beginning with the Silurian^ the lacelike FenestellidsB^ a large family of 
the Cryptostomata, become by far the most abundant representatives of 
the class. The bifoliate Cryptostomata began early in the Ordovician 
and continued practically to the close of the Paleozoic, while the Cyclo- 
stomata, which are likewise old, continue to the present. The Treposto- 
mata, including mainly massive and branching colonies, have been of the 
greatest service in stratigraphic correlation. This is, first, because of 
their great abundance and widespread distribution, and, second, because 
of the certainty and relative ease with which the species can be positively 
determined by means of thin-sections. Even small imperfect specimens 
can be determined beyond doubt. The bifoliate Cryptostomata are of 
nearly equal service, but in these the shape and surface characters are of 
more importance, requiring greater perfection in preservation to insure 
positive determination. As to the Fenestellidss and other delicate types, 
whose discrimination depends solely on easily effaced surface characteris- 
tics, these are of correspondingly less practical value for stratigraphic 
purposes. However, at their worst, a long experience among the Paleo- 
zoic fossils has shown that the Bryozoa compare favorably as guide fossils 
with any other class of organisms. 

Considered in their paleogeographic bearings, the abundance of the 
Bryozoa and their occurrence in nearly all kinds of deposits may be said 
to establish the prevailing shallowness of the continental seas in which 
they flourished, while a comparative study of the species shows differ- 
ences in geographic distribution which can be attributed only to localiza- 
tion of origin and development and dependence on currents for their 
transportation. In some cases many genera are represented only in 
faunas which can be traced to invasions of a particular sea. The latter 
is of especial importance in paleogeography, in that their abrupt geo- 
graphic limitation suggests considerable detail in the pattern of the con- 
tinental seas and lands. For example, regarding certain clearly discrimi- 
nated faunas found in sediments that wedge out northwardly by overlap, 
we may be certain that they invaded through some opening in the south. 
Further, we may infer that the origin and dispersal of the fauna lies in 
one of the permanent oceanic basins in that direction. On the other 
hand, if beds and faunas extend and terminate in a similar manner in a 
southward direction, the sea in which the fauna originated and developed 
is for like reasons located to the north. We then have introduced into the 
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geographic pattern of some particular time period continental basins 
connecting in the case of North America with the Arctic on the north, 
the Atlantic and Pacific on the east and west, and still others that were 
occupied by waters invading from the Gulf of Mexico. 

Possibly these different oceanic waters contributed to continental basins 
at the same time, but as a rule this would seem to be highly improbable. 
Instead it is thought that when seas were entering the southern border 
and filling certain continental basins the northern waters were excluded. 
Whether solely by tilting of the surface of the continent, or whether 
abunidant heaping of oceanic waters toward the equator and then back to 
the poles contributed in any marked degree, is not readily determinable 
and is, after all, beyond the scope of the present paper. Under this con- 
ception it follows that the same basin often contains superposed deposits 
and faunas originating in the Arctic, the Atlantic, and the Gulf of 
Mexico, and occasionally, as in Oklahoma, in waters from all four sides. 

The Paleozoic basins now included within the Mississippi Valley 
usually alternated between the Gulf of Mexico and Arctic waters, but 
these, so far as known, were never present at the same time and there- 
fore never mingled. In the Appalachian region, however, where Gulf 
and, more rarely, Arctic waters alternate with Atlantic invasions, con- 
fluence of the first and last and consequent mingling of the faunas is 
occasionally suggested. 

However, even in these instances the community of species in other- 
wise typical north Atlantic and Gulf faunas may be more plausibly ex- 
plained on the assumption that these species ranged in the south Atlantic 
as well as the north Atlantic, hence invaded from both directions. There- 
fore, without going into a detailed statement of the facts on which the 
opinion is based, it is concluded tliat the several oceanic waters and 
faunas seldom if ever intermingled within continental basins. 

As said, the Bryozoa began to constitute a very considerable proportion 
of the marine faunas of the continental seas in the middle Stones River, 
a group of Ordovician rocks that is well developed in central Tennessee 
and attains much greater thickness in the Appalachian Valley. The 
Bryozoa are especially abundant in the Pierce division of the group, a 
bed with a maximum thickness of 27 feet in central Tennessee, but at- 
taining much greater dimensions in the southern Appalachians. The 
Bryozoa characterizing the Pierce consist chiefly of bifoliate Cryptosto- 
mata belonging to the PtilodictyonidaB and TJhinidictyonidae. In central 
Tennessee, also in the southern Appalachians in Alabama and eastern 
Tennessee, these forms are exceedingly abundant, but in following the 
beds northward in the Appalachian Valley they rapidly diminish in num- 
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ber until they are practically absent throughout the corresponding part 
of the formation in Virginia, West Virginia, and Pennsylvania. What- 
ever reason may be assigned for this northward diminution, the fact re- 
mains that they are abundant in the south. Hence the inference is plain 
that they must have been derived from that direction — ^in other words, 
from the Gulf of Mexico and perhaps other contributory seas lying beyond 
it. Other evidence tending to the same conclusion is that very similar 
species of Bryozoa, about whose derivation from the preceding Pierce 
fauna there can be no question, occur in the Lebanon, an upper Stones 
River formation, and again in the Lowville, the first of the deposits of 
the Black River group. The Lebanon Bryozoa, like those of the Pierce, 
diminish rapidly northward in the Appalachian Valley; the Lowville 
much more slowly, so that a very fair representation of the Tennessee 
species of this formation is recognizable as far north as New York and 
Canada. Prom this point westward to Minnesota they rapidly diminish 
in number. Following the Lowville southward from Minnesota we find 
that the Bryozoa, like the corals, are almost entirely absent. 

The three invasions of Bryozoa so far mentioned are undoubtedly from 
the south. Doubtless the distribution of these organisms in the conti- 
nental basins was favored by warm currents entering the inland seas from 
the oceanic basins contributing the water. As previously stated, the 
migration of the Bryozoa is largely confined to this mode of dispersal. 
Considering the limited geographic distribution of the Pierce and Leb- 
anon Bryozoa, the invading currents must have been of relatively small 
importance in those seas. Physical data bearing out this view are at 
hand. The wider distribution of the Lowville types suggests perhaps 
more active and certainly longer sustained currents. 

That these currents passed up chiefly along the east shore of their 
respective seas is likewise suggested by the distribution of the Bryozoa. 
So far as known, Bryozoa are entirely absent in the Stones River rocks 
of northern Arkansas and Missouri, and either very rare or totally absent 
along the western, northern, and eastern jshores of the basin as far as 
southern Virginia. As stated, the Bryozoa are also very abundant in the 
Lowville, and that here again their number becomes less and less away 
from the southeastern shore until in Missouri but a single species re- 
mains, and this owes its presence to its parasitic habit on a shell whose 
migration was less dependent on currents. 

Similar conditions of migration by currents is suggested by the Bryo- 
zoa and corals of late Paleozoic ages. It is especially well marked by the 
Onondaga Bryozoa, which are abundant all along the eastern shore up to 
Ontario, but are almost entirely wanting on the flanks of the Ozark up- 
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lift, which form a part of the western shore. The significance of such 
facts are apparent when we note the relatively short distance separating 
Missouri and southern Illinois from the Nashville and Cincinnati domes, 
and the much greater distance between western Tennessee and Ontario, 
along which the deposits of this age are filled with Bryozoa and corals. 

Prom the facts just stated it is inferred that a marine current entered 
from the Gulf and, hugging the eastern shore, carried the free-swimming, 
larvae of these sessile types as far as it was competent. In the case of the 
Stones River this current seems to have spent its force before reaching 
Virginia. In the other two cases, the Lowville and Onondaga^ the cur- 
rent continued on through New York and Ontario. 

More or less similar invasions of southeastern American continental 
basins occurred in succeeding Paleozoic ages. Notable among them is 
the early Trenton Wilmore limestone fauna, which contains a numl)er of 
Bryozoa ranging from Kentucky to Canada; second, the late Eden and 
Maysville faunas, which contain numerous forms in zones which can be 
followed up the Appalachian Valley from Tennessee to New York and 
southern Ontario, where they are represented in the Lorraine formation ; 
and, third, the late Clinton Rochester shale, which has a similar distribu- 
tion. A somewhat different distribution of bryozoan faunas invading 
from the south is shown by the earliest Clinton, which extends, like the 
Lorraine preceding it, from Tennessee to southern Canada in a north- 
easterly direction, but also extends to Oklahoma in a western direction. 
The Helderbergian fauna, which includes many Bryozoa, is a good ex- 
ample of a southern Atlantic fauna invading separate continental basins, 
in the one case through the Mississippi embayment, and in the other 
from the middle Atlantic to the Appalachian troughs by way of an in- 
ferred opening at Chesapeake Bay. 

Finally, the late Tennessean Chester Bryozoa, which passed northward 
in and across the Atlantic to England, where they are represented in the 
Mountain limestone, and which, on the American side, spread through 
the continental basins of southeastern United States from northern 
Arkansas to Maryland. 

The invasions from the north — ^that is, from the Arctic basin — are 
similarly and no less readily discriminated than are the southern inva- 
sions. Like them, the faunas range as far south as their respective beds 
extend, terminating their geographic distribution when these beds wedge 
out by overlap. There are two important Ordovician bryozoan faunas 
which evidently originated in the Arctic and spread southward into the 
basins of North America. The first of these is best known from the late 
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Black River or Decorah shales of Minnesota and Iowa. It has been rec- 
ognized also at a number of localities in eastern British America and 
extends southward in the Mississippi Valley to central Kentucky and 
northern Tennessee. In the latter two States the faima, which is in 
everywise typical, has been noted at only a few localities. Where ob- 
served the bed is only from an inch to 2 feet in thickness and is limited 
above and below by formations containing totally different faunas of 
southern origin. Further, the upper and lower boundaries of this bed 
exhibit clear evidence of interrupted deposition. Moreover, these ex- 
treme southern wedges of the Decorah shale seem to be entirely confined 
to shallow hollows in the underlying Lowville limestone. The facts are 
essentially similar with respect to the second of these Arctic faunas, the 
main difference being that whereas the first is entirely unknown, at least 
in the northern Appalachian region, the second is locally developed in 
central and eastern New York and extends thence southward into New 
Jersey. Like the first, it is best developed in southern Minnesota and 
northern Iowa, where it is foimd in the Prosser limestone, the proposed 
name of a formation comprising the Clitambonites, Nematopora, and 
Fusispira beds of the Minnesota reports. The third Arctic fauna is early 
Silurian in age and belongs in the Bichmond series. It is marked es- 
pecially by corals and Bryozoa, both of a decidedly Silurian aspect. It is 
known in BafSnland and Alaska, and is locally found on this continent to 
the south as far as southern Illinois, where it is included in the Noix 
oolite or Edgewood beds. In the far West it is widely distributed, being 
known in Arizona, Utah, New Mexico, and western Texas. 

That these forms really originated in the Arctic basin is indicated not 
only by their distribution in North America, but also by the fact that 
they are similarly developed in the Baltic province of Europe. As has 
been clearly shown by studies of the Baltic Bryozoa just completed by 
R. S. Bassler, a large proportion of species described from these beds in 
Minnesota and elsewhere in America are represented by identical and 
very closely allied species in Bussia. Up to date 70 out of 143 Minnesota 
species of this class are found also in Russia. 

To sum up, the Bryozoa have an exact bearing on paleogeography 
(Ist) because of the abundance of their fossil remains, (2d) because of 
the certainty and comparative ease of ascertaining the critical characters, 
(3d) their indication of the shallowness of the seas in which they lived, 
(4th) their rapid and wide dispersal, justifying conclusions respecting 
the essential contemporaneity of their occurrence, and (5th) the light 
they throw on the direction and extent of marine currents. 
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Number and Eank op recent Brachiopods 

There is no class of living shelled animals better known as to their 
structure, habitat, and geographical distribution than the Brachiopodt. 
They have been persistently dredged for because of their rarity by many 
exploring vessels, in all seas and in all depths, and have been studied bv 
many workers, chiefly in Europe, America, and Japan. A careful study 
of the rather diffuse literature* reveals 166 more or less well known 



^ Manuscript received by the Secretary of the Society May 28, 1911. 
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forms, and these are distributed ia 33 genera. Of these about 8 forms 
are poorly defined, so that there are at least 158 established species of 
living brachiopods. However, with the refined methods recently intro- 
duced by Blochmann and Dall, and in the further dredging that is now 
going on in Antarctic waters, we may expect a considerable increase in 
the number of species, so that eventually there may be a total of about 
180 forms. Whatever the additions may be to our knowledge, that in 
r^ard to their habitats, bathymetric and geographic range will be 
slight. We therefore have safe guidance in the living members of the 
class as to what the bathymetric range and habitats of the fossil forms 
w©re. 

The 158 living forms are grouped according to their relationship as 
follows: Of Inarticulata there are 29 and of Articulata 129. The in- 
articulate brachiopods are nearly equally distributed among the orders 
Atremata (15) and Neotremata (14), there being of lingulids 15, dis- 
cinids 7, and of Crania 7. Of the once wonderfully prolific Paleozoic 
order Protremata there are but 2 living representatives in Thecidium, 
a genus that arose in the Cretaceous. They are small forms, and though 
not rare in the Mediterranean and Antillean regions, are restricted to a 
depth ranging between 30 and 300 fathoms. Both also occur fossil 
since the Miocene or Pliocene, and are therefore morphologically static. 
The Telotremata are the dominant brachiopods, being represented by 15 
rhynchonellids and 112 terebratulids, and of these the last named had 
far less differentiation in the Paleozoic. Both stocks are very ancient, 
the rhynchonellids being as old as the Middle Ordovicic and the tere- 
bratulids arising early in the Devonic. While neither stock was prolific 
in genera and species throughout the Paleozoic, both stocks began to 
evolnte in the late Triassic, and in the Upper Jurassic the seas swarmed 
with a great variety of these animals, and especially of the terebratulids. 
The decline of the latter began in the Cretaceous and persisted to the 
Oligocene, when the warm waters of this time seem to have rejuvenated 
the stock to its present good representation. On the other hand, the 
rhynchonellids have maintained their generic and specific variation fairly 
constant since the Siluric, when for the first time the stock was well 
established. In the Jurassic, however, they were more abundant than 
at any other time. We learn, therefore, that though these two stocks 
are very old, they are still morphologically young and plastic, constantly 
giving rise to new forms and new genera. 
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Bathtmbtrio Bangs 

iN GBNBRAL 

The bathymetric range of the 158 species is as follows: 

Five, or 3 per cent, are restricted to the strand-line (3 Inarticulata, 2 
Articnlata). 

Forty-four, or 28 per cent, range from the strand to about 90 feet (21 
Inarticulata, 23 Articulata). 

Sixty-three, or 40 per cent, range from 90 to 600 feet (7 Inarticulata, 
56 Articulata). 

From the strand to 600 feet occur nearly 71 per cent of the liying 
brachiopods, or 112 forms. 

Seventeen, or 10 per cent, range from 600 to 1,000 feet (all Articu- 
lata). 

Eleven, or 7 per cent, are deep-water forms below 1,000 feet^ but adja- 
cent to continents (all Articulata). 

Eighteen, or 11 per cent, are deep-sea forms situated near continents 
(1 Inarticulata, 17 Articulata). 

Of typical deep-sea mid-oceanic forms ranging from 200 to 2,465 
fathoms there are 5. 

Of the 158 recent species, at least 10 are practically restricted to the 
area between tides. These are Laqueus ( ?) cHeuticus^ Magellania flaves- 
vens (goes down to 14 fathoms), Megerlina davidsoni (in an extinct vol- 
canic crater), M, lamarcJciana (goes in deeper water), an uncertain 
species of Terebratalm ( ?) radiatCy Lingula anatina (there are probably 
other species of this genus), Discina striata, Discinisca cumingi (down 
to 8 fathoms), D. lamellosa (to 10), and D, strigata. 

Between low-water mark and above 90 feet of depth the great majority 
of inarticulate brachiopods live, or 21 species out of a total of 29 (Lin- 
gula, 11; Qlottidia, 4; Discina, 1; Discinisca, 4; and Crania, 1). Of 
the articulate brachiopods, 23 out of the 129 live in these shallow waters, 
and of those but 7 continue their range below 100 fathoms (Bouchardia, 
1; Dallina, 1; Dyscolia, 1— goes down to 250 fathoms; Frenulina, 1; 
Owynia, 1— goes down to 2,000 ; Kraussina, 1 ; Laqueus, 3 ; Liothyrina, 
1 down to 600, 1 down to 1,300; Macandrevia, 1 down to 1,400; Tere- 
bratalia, 1; Terebratella, 6—1 down to 120, and Terebratulina, 4—1 
down to 1,170). 

Prom 90 feet and down to 600 feet there appear (with one exception) 
all the remaining species of inarticulate brachiopods, 7 in number (Dis- 
cinisca, 1; Crania, 6). Of the articulate forms, 56 appear here for the 
first time, and of these at least 23 continue into still deeper water (Agal- 
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hasia, 1; Cistella, 6; Cryptopora, 2; Dallina, 3; Hemithyris, 6; Laqueus, 
4; Liothyrina, 6 ; Magellania, 4 ; Megathyris, 3; Miihlfeldtia, 3; Platidia, 
2; Terebratalia, 4 ; Terebratella, 3; Terebratulina, 7, and Thecidium, 2). 

Below 600 feet and above 1,000 feet appear 17 additional articulate 
species (Acanthothyris, 1; Cistella, 3; Dallina, 2; Hemithyris, 1; Kraus- 
sina, 4; Liothyrina, 2; Macandrevia, 2; Platidia, 1, and Terebratu- 
lina, 1). 

There are 11 deep-water forms, not one of which extends above 1,000 
feet of depth or goes into the abyss. As a rule they are, like the abyssal 
forms, thin-shelled animals, but do not average as small as the true 
deep-sea species. These are the rhynchonellids Hemithyris gerlachi 
(243-270 fathoms), F. racovitzcB (270), and BasQiola heecheri (200- 
313), occurring off western Hawaii; the terebratulids, Dyscolia wyvillii 
(385-846), Liothyrina antarctica (386), L. sphenoidea (216-1,090), 
L. subquadrata (600-600), L. winteri (360), Miihlfeldtia echinata (346- 
423), Platidia (?) incerta (390-1,120), and Terebratulina valdivice 
(392). 

Of typical abyssal forms that have strayed far from the continents 
there are but five: the discinid Pelagodiscus atlanticus (200-2,466) ; the 
rhynchonellid Hemithyris strebli (2,035-2,084) ; the terebratulids CfeZt- 
donophora chuni (865-1,220) ; C, incerta (292-1,850), and Liothyrina 
(?) wyvUlii (1,035-2,900). To these must be added 13 other forms 
that are also abyssal in habitat, but are still situated close to the conti- 
nents. These are the rhynchonellids Hemithyris craneana (1,175) ; the 
terebratulids Frieleia halli (599-984), Eucalathis (the 4 species of this 
genus, 300-2,688), Liothyrina clarTceana (1,175-2,036), L. mosleyi (210- 
2,222), Macandrevia craniella (1,175), M. diamantina (1,176-2,222), 
M. tenera (1,450), Magellania wyvillii (2,160), and Terebratulina (?) 
dalli (1,875). All of these abyssal species are small in size or below the 
average of their genera, and have very thin, fragile shells. 

These figures giving the bathymetric range of recent brachiopods teach 
us that fully 80 per cent inhabit waters shallower than 1,000 feet, and 
over 70 per cent live above 600 feet. Brachiopods therefore are, as a 
rule, significant of shallow water and of continental or epicontinental 
seas. 

INAROTIOULATA GENERA 

Let US now examine into the detailed bathymetric range of the 33 liv- 
ing brachiopod genera, to see if anything can be learned from their dis- 
tribution that will give guidance as to the depths at which the fossil 
forms lived. We have seen that but 6 species are restricted to the strand- 
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line, but that in water less than 90 feet deep there occur about 49, or 
31 per cent, of all living brachiopods. The most conspicuous of these 
shallow-water forms are of Lingula and Discina, genera that are re- 
stricted to the littoral region — that is, ranging from the strand-line to a 
depth of probably not much more than 60 feet. In addition to this, 
many of the species of lingulids occur in bays and estuaries, indicating 
that they prefer a habitat more or less freshened by land waters. Dis- 
cinisca also lives in the littoral region, but apparently never on the 
strand-line, and no species goes beyond 216 feet of depth. Qlottidia 
commences at lowest tide, and has been taken as far down as 360 feet. 
Crania is not reported from the tide-line, but begins in 12 feet of water, 
and extends its bathymetric range to 808 fathoms. Of all the living in- 
articulate brachiopods, but one is completely habituated to deep water— 
Pelagodiscus atlaniicii9 — ^which has a range from 200 to 2,425 fathoms. 
It is also a cold-water species, and its geographic range appears to be 
now or to have been world-wide, for it is known in the north and medial 
Atlantic Ocean, the Pacific, and off Australia. In its arm structure it 
is also very primitive, in that the brachia are not spirally rolled, but 
"form two simple loops, with no spirals whatever" (Dall, 1907). In 
other words, the brachia are in the schizolophus stage, as defined by 
Beecher,* and therefore do not develop into the more complicated struc- 
tures seen in most living brachiopods. 

A survey of the geographic distribution of the inarticulate brachiopods 
also shows that all the littoral and shallow-water species are bound to 
warm waters, and that hardly any are common to two zoological prov- 
inces. Furthermore, when the shallow-water and littoral forms are com- 
pared with those of the deeper, and especially the one species of abyssal 
waters, we note that the former arc decidedly more prolific in numbers, 
are often considerably larger and always have thicker shells, while the 
deeper water forms arc nearly always smaller and have thin and nearly 
transparent valves. The smallest form with the thinnest valves is the 
abyssal Pelagodiscus atlanticus. 

These results are of the greatest value to the paleogeographer, for they, 
can be successfully applied to the fossil Inarticulata, and through this 
knowledge one can state positively the depth of water at which the foeail 
lingulids and discinids lived. Further, they are excellent guides as indi- 
cators of shorelines, and as such give clear guidance to the paleogeography 
of any given time. 

The paleontologist finds that the greatest number of large, thick 

• Beecher : Ball. V. S. GeoK Sunr., vol. 87, 1897, p. 108. 
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shelled specimens and the greatest variety of species of lingulids and 
discinids are found in shales and sandstones, and, furthermore, that the 
physical evidence of the deposits in which such occur is in harmony with 
the character of the sediments and the present distribution of the littoral 
and shore living inarticulates. On the other hand, it is not at all rare in 
the older Paleozoic deposits to find lingulids and discinids in limestones 
and dolomites, and when the specimens are large and thick shelled, even 
though they occur in such organic deposits, they give unmistakable evi- 
dence of very shallow-water conditions and a hint that the shore may not 
have been very far away. Small and thinner shelled species are also fre- 
quently seen in limestones and shales, but the associated animals and the 
character of the strata demonstrate that these also are shallow-water 
forms. On the other hand, in black shale deposits (Utica, Marcellus, 
Genesee), and more rarely in thin zones of black limestones (Marcellus, 
Genesee) is frequently seen an abundance of very small and even minute 
species of obolids, lingulids, and discinids that could not have lived on 
the bottom of these "Black Seas" with their carbonaceous or even sul- 
phurous depths. Nor can their size and frailty be taken as evidence for 
deep-sea deposits, for they are manifestly of the surficial waters of a sar- 
gasso-like sea, where in all probability they lived attached to floating 
algse. In such deposits the evidence of the associated animals is that 
they are either floaters (graptolites, or spore cases of algae), or swimmers 
(pteropods as Styliolina, cephalopods as Endoceras, nautilids and gonia- 
tids), or commensal floaters anchored to other suspended organisms as 
the byssally attached thin shelled and modified bivalves described by 
Clarke from the Genesee of New York. 

It is also desirable to point out here the wonderful vitality of the living 
inarticulate brachiopods. Lingula is exposed on the tidal flats of Japan 
for hours without injury, and on account of its accessibility is regularly 
gathered by the poorer people for food. At high tide these animals are 
covered with 3 to 4 feet of water. Their habitat may be brackish or foul 
with decomposing organic matter, even to such an extent that all other 
shell fish may be killed off, but Lingula will continue to live under such 
adverse conditions. Yatsu, who has studied living Lingula, tells us that 
on little estuaries in certain bays of southern Japan their habitats may 
be covered by sand and mud brought down by stream freshets, so that all 
of the burrowing shell fish will be destroyed, but Lingula will still live 
in such stinking places and the individuals tunnel themselves to the sur- 
face. The burrows are from 2 to 12 inches long, and the movements of 
the animals up and down in the holes are made by means of the highly 
contractile and r^enerative peduncle. It is thought that Lingula may 
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attain an average age of 6 years or even more. Yatsn kept them alive in 
aquaria with the vrater fetid, and Morse did the same, keeping his speci- 
mens alive for six months in almost unchanged water. Joubin kept 
Crania, taken from great depths, alive in jars under very adverse condi- 
tions for 14 months. In these statements we see the very adverse condi- 
tions under which the burrowing Lingula may live, and that the tenacity 
of endurance is also very great with cemented Crania. In this adapta- 
bility lies the probable explanation of why the lingulids and craniids have 
lived since the Ordovicic. Lingula and Crania have endured all of this 
vast time apparently without change other than the superficial ones of 
form, size, and ornamentation. 

We may therefore conclude that inarticulate brachiopods when large, 
thick shelled, and abundant clearly indicate to the paleontologist animals 
inhabiting very shallow waters of probably less depth than 100 feet. 
Further, that these waters were in close proximity to the shores and 
probably were warm. Crania is the only genus inhabiting shallow waters 
of the cooler areas and essentially those of the northern hemisphere. The 
immediate shoreline, and often the estuarine bays and deltas, will be 
indicated especially by the large lingulids embedded in muds and sands 
with an otherwise sparse faima. When the species are small, but not 
minute, still somewhat thick shelled and the individuals abundant, it is 
probable that the sediments of such waters were also those of the shal- 
lows — that is, ranging between 50 and 200 feet, with the possibility of 
even 400 feet. Minute inarticulates are not safe guides to bathymetric 
depth in Paleozoic time, and their habitat significance must be judged 
more from the associated fossils and the character of the entombing sedi- 
ments. The Atremata, after the Cambric, appear always to have pre- 
ferred shallower waters near the strand-line, while the Neotremata, 
though also lovers of shallow waters, appear to have preferred to keep 
away from the immediate strand. These slightly varying habitats have 
their probable explanation in that all the Atremata, after the Cambric 
(lingulids), lived in burrows, while those of earlier times (obolids) ap- 
pear to have lived above the bottom, fastened to foreign objects by a more 
or less long peduncle. On the other hand, the Neotremata are never 
burrowers, but are fastened to some object above the groimd by a very 
short peduncle that issues directly through some part of the ventral 
valve, as in the highly modified bivalve Anomia. We see, therefore, that 
the burrowing lingulids are protected from wave action, and that their 
holes are always full of water, while the discinids live above the bottom, 
and because of their very much cramped shell space would, at low tide, 
be vrithout water for hours. Further, the peduncle in Lingula and the 
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Atremata is a burrowing and prehensile organ, while in all other brachio- 
pods it is for permanent attachment to a given place. It is true that 
some discinids do approach the strand, but as they have a more or less 
centrally placed short and pluglike peduncle and a conical upper valve 
the waves can have little effect in pulling them from their anchorages. 
On the other hand, in the articulate brachiopods the peduncle is more or 
less long and emerges from one valve, so that the animals hang loose at 
one end of the stalk, a decidedly disadvantageous mechanical defect for 
holding in tumultuous waters. It is probably for these reasons that most 
brachiopods avoid the tearing strand-line, and are most abundant in the 
quiet waters between 50 and 600 feet. 

ARTIOULATA GENBRA 

None of the articulate brachiopods can be relied on to indicate the 
strand-line, as but 5 approach or live in this zone, and but a single genus 
appears to be restricted to very shallow water (Megerlina, with its 2 
species). The other 3 forms prefer deeper water. Of the 129 articulate 
species about 19 per cent (25 species) live in less than 90 feet of water. 
Their real habitat, however, is in the deeper water between 90 and 600 
feet, where nearly 46 per cent (59 species) live. Down to 600 feet occur 
84 articulate and 28 inarticulate forms, or, in other words, more than 70 
per cent of brachiopods are at home in these shallower waters. We may, 
therefore, conclude that the greatest abundance of living brachiopods is 
in the stormless waters between 90 and about 500 feet of depth. 

None of the 15 rhynchonellids live in very shallow water, nor are any 
reported in less than 90 feet, but as Hemithyris psittacea is thrown up 
on the Labrador coast by the storms it is probable that this form lives 
here not far from the strand-line. The living species are grouped in 4 
genera, of which Acanthothyris, with 1 form (160 fathoms), Basiliola, 
with 1 form (200-313), and Cryptopora, with 2 forms (25-2,200), may 
be regarded as the deep-water genera. Hemithyris has 11 forms, and of 
these but 2 live between 90 and 288 feet, while the others range down to 
2,084 fathoms. We therefore see that the rhynchonellids are now deep- 
water brachiopods, but this certainly was not the case during the Paleo- 
zoic, where they are frequently found in coarse sandstones, and not at all 
rarely in mudstones, associated with medium sized and thick shelled lin- 
gulids. Today they are found in nearly all parts of the oceans, from 
north of the Arctic Circle to far south in the Antarctic region. While 
most of the species live in cool waters, at least one (H, cornea) ranges 
from the warm water off Cape Vincent in 57 fathoms down to the cold 
waters off Cape Pinisterre in 1,093 fathoms. Cryptopora gnomon has 
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been dredged in the warm waters off the Canaries in 50 to 65 fathoms, 
in the cool waters off the Azores in 2,200 f athoms, in the cold waters off 
Ireland at 1,443 fathoms, and in Davis Strait at 1,750 fathoms. While 
temperature does now somewhat restrict the geographic and bathymetric 
range of the rhynchonellids, still the majority seem to prefer the cooler 
and deeper waters. This the writer believes to be a modem adaptation 
that has come about since the Jurassic. 

In regard to the geographic distribution, some of the species are locaDy 
restricted, others range through several provinces, and one {H, pdttacea) 
is found throughout the greater part of the northern hemisphere. 

The conclusion derived from the living rhynchonellids, therefore, is 
that they give no satisfactory guidance as to the bathymetric distribution 
of the fossil forms. In regard to their geographic occurrence, the Paleo- 
zoic distribution is very much like that of the living forms, and verj' 
little safe guidance is therefore to be derived from them as provincial 
indicators. Extinct species of the same genus may have local or very 
wide distribution, may be restricted to a geologic zone of but a few feet 
in thickness or range through the greater part of a period (Devonic), 
but sometimes a single species will have a limited time range and yet be 
distributed over the entire North American continent {Rhynchotretna 
capax). 

The terebratulids are in greatest abimdance specifically and numeri- 
cally in the shallower waters. Five occur between the tides and 76 out 
of the 112 forms, or 67 per cent, live in waters less than 600 feet in 
depth. The largest of all living species is MageUania venosa, growing to 
314 inches in length and found in abundance in Magellan Straits at 
depths varying from 50 to 480 feet. 

SHELL CHARA0TBR8 OP DBBP-WATBB SPBOIBB 

The 29 deep-water and abyssal species are all thin shelled, often very 
fragile, gray or light yellowish in color, more or less transparent and 
generally small in size. There are, however, large species in the greater 
depths, but none in the abysses. Such are Dyscolia wyvUlii (385-845 
fathoms), with a length of 2.5 inches; Liothyrina siibquadrata (500- 
600), with a length of 1.1 inches, and L, sphenaidea (215-1,090), with a 
length of 1.2 inches. 

Geologic History of the living Brachiopods 

We will next examine into the geologic range of the 33 living genera 
of brachiopods. There are at least 23 having fossil representation, and 
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this is more than 60 per cent of the living genera. Two have lived since 
the Ordovicic (Lingula and Crania), 6 since the Jurassic (Acanthothyris, 
Eucalathis, Magellania, Megathyris, Terebratella, and Terebratulina), 4 
since the Cretaceous (Agulhasia, Cistella, FDiscinisca, and Thecidium), 
1 since the Miocene (Platidia), 7 since the Pliocene (Glottidia, Hemi- 
thyris, Dyscolia, Liothyrina, Macandrevia, Terebratalia, and Miihlfeld- 
tia), and 3 since the Pleistocene (Bouchardia, Dallina, and Owynia). 
Of these 23 genera 6 have not spread into water as deep as 1,000 feet, 
these being Agulhasia, Bouchardia, Discinisca, Lingula, Olottidia, and 
Megathyris. Of genera that have spread beyond this depth, but which 
still have their best development in waters less than 500 feet, are Gwynia, 
Magellania, Terebratalia, and Terebratella. The genera having fossil 
representation, with their best development in the present seas at depths 
greater than 500 feet, are Acanthothyris, Cistella, Crania, Dallina, Dys- 
colia, Eucalathis, Hemithyris, Liothyrina, Macandrevia, Miihlfeldtia, 
Platidia, Terebratulina, and Thecidium. All of these are of long endur- 
ing stocks that had their rise at least as early as the Jurassic, and if we 
add to these the other truly deep-sea brachiopods, also of ancient phyla, 
but not known to have fossil representation, such as Basiliola, Cr3rptopora 
(both rhynchonellids), Chlidonophora (primitive terebratulid), Prieleia, 
and Pelagodiscus (discinid), we can say that the present deep-sea fonns 
as a rule did not begin to migrate to this habitat earlier than the middle 
Mesozoic, and, further, that this adaptation is still going on. The truly 
abyssal forms, as Basiliola, Chlidonophora, Prieleia, and Pelagodiscus, 
are probably of stocks even older than the middle Mesozoic, and these 
genera may have begun their abyssal march as early as the beginning of 
the Mesozoic. It is, however, a noteworthy fact that of the great multi- 
tude of Paleozoic genera not one is known to have become wholly abyssal 
in its habitat; on the contrary, the two oldest Paleozoic genera that are 
still alive have not gotten far away from the strand-line. Lingula is still 
restricted to the littoral and Crania, while as a rule now a deeper water 
genus, is by no means restricted to the abyss, although it has been taken 
at 818 fathoms. These observations lead to the conclusion that the oceans 
probably did not begin to get exceedingly deep until after the great Ap- 
palachian Revolution toward the close of the Paleozoic — that is, early in 
the Mesozoic — ^and that this deepening has been going on since then. 
These views are also in harmony with the conclusion attained by Wal- 
ther* from a study of the life of the present deep seas. 

^Waltlier: Origin and peopling of the deep sea, Amer. Jour. Scl. (4), vol. zzzl, 1911, 
pp. 05-64. 
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Of the 158 living brachiopods but 25, or about 16 per cent, are also 
found fossil. None are older than the Eocene {Megathyris decollata) ; 
of the Miocene there are 4 additional species (Dallina septxgera, Platidia 
anomioides, Terebratulina caputserpentis, and Thecidium mediterra- 
neiim). From th^ Pliocene there are 15 (Cistella cuneaia, Crania ano- 
mala, C, turhinata, Glottidia albida, Hemithyris nigricans, H. psitiacea, 
Liothyrina afjinis, L. sphenoidea, L. vitrea, Macandrevia cranium, Miihl- 
feldtia echinata, M, truncata, Plaiidia davidsoni, Terebratella dorsata, 
and Thecidium harretti) ; of the Pleistocene 5 (Cistella cistellula, Dal- 
lina (?) spitzbergensis, Gwynih capsula, Magellania lentictdaris, and 
Miihlfeldtia monstruosa)? 

Qeographig situation of regent Brachiopods 

IN GENERAL 

All brachiopods without exception live in marine waters, and in the 
main their habitats are in the shallower waters bordering the continental 
masses. This is very clearly brought out in the "Chart of the world 
showing the distribution of the Recent Brachiopoda," by Hall and 
Clarke (1894, chart facing page 148), and in another by Blochmann 
(1908, plate 40), giving the distribution of the Liothyrinae. These 
maps also show that but very few species have strayed far away from 
the continents in the truly abyssal regions. Only 6 have permanently 
adapted themselves to the great oceanic areas (Pelagodiscus ailanticus, 
llemiihyris strebli, Chlidonophora chuni, Cincerta, and Liothyrina (?) 
wyvillii). With these should be considered 13 other forms which also 
inhabit great depths, but whose situation remains adjacent to the conti- 
nents (see list on page 6). Then there are 11 species living penna- 
nently below 1,000 feet that may be spoken of aa deep-water forms, but 
they are not as yet deep-sea animals, because their habitats are in con- 
nection with the continental shelves (see list on page 6). In other 
words, but 3 per cent of living brachiopods have permanently left the 
continental waters, a further 8 per cent are transitional between the 
abyss and the continental shelves, and an additional 7 per cent are still 
attached to the shallower waters of the outer parts of the continental 
shelves. This bathymetric distribution may be stated in still another 
way, namely, 81 per cent of living brachiopods are bound to the shallow 
waters bordering the land masses, 7 per cent are in the deeper waters of 
the continental shelves, 8 per cent are transitional to the oceanic areas, 
and 3 per cent are permanent inhabitants of the vast and cold Neptnnic 
underworld. 
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The shallow waters about Japan have more brachiopods by far than 
any area of similar extent. Here occur 29 species in 12 genera; in other 
words, more than 18 per cent of recent brachiopods. In the Sea of 
Japan^ or along the western side of the islands, there are 11 species, none 
of which seem to range deeper than 60 fathoms, and on the outer or 
Pacific side there are nearly twice as many kinds, or 20 forms, ranging 
all the way from shore habitats down to one at 160 fathoms. There is 
also one deep-sea form here at 1,875 fathoms, but at least 11 of. the 20 
occur in waters shallower than 100 fathoms. These Japanese species 
are the following: 

Brachiopods of the Sea of Japan (marked &t^ a t) ond the east coast of Japan 

(marked with a *) 

t Linffuia adamsi (7 fatboms) * Terehratulina japonica (48-55) 

f Lingula afflnis (0-1) * Terehratulina kiiensis, widely dls- 

^Linffula anatina (0-1), widely dls- trlbuted 

trlbnted • Terehratulina steamsii 

^ LinQula faspida (1) * Dyscolia crossii (100-250) widely 
*IAngula lepidula (10) distributed 

*Lingula smaragdina (10) ^ DaUina grayi (7-37), widely dlstrlb- 
^ Crania japonica (71) uted 

iDiscinisca Stella (17-26), widely dls- * Dallina mariof (21-55) 

trlbuted • naliina raphavHs (100-200) 

^ Acanthothgris doderlini (100) f Terehratalia coreanica (7-48) 

* Hemithyris lucida (48-100) t Terebratalia gouldi (60) 

^Hemithyris psittacea woodwardi * Laqueus hlanfordi 

(35-48) * Laqueus (?) frontalis 

^Liothyrina davidsoni (55) *i Laqueus pictus (23-55) 

^ Liothyrina steamsi ^* Laqueus rubellus (1-36) 

^ Terehratulina cumingi ^ Frenulina sanguinea (48), widely 
•Terehratulina (?) dalli (1,875), distributed 

deq>-water form 

DISTRIBUTION OP THE OENBRA 

An analysis of the 33 genera sliows that they are readily grouped into 
5 great brachiopod areas or regions. These combine again into a deep- 
sea realm and 4 shallow-water geographical regions as follows: Boreal, 
Austral, Oceanica, and Gondwana. Each of these brachiopod areas will 
be discussed separately. 

DBBP-8BA REALM 

There are only 3 genera restricted to deep water, the discinid Pela- 
godiscus (200-2,425 fathoms) and the terebratulids Chlidonophora 
(282-1,850) and Eucalathis (300-2,588, Jurassic). The distribution of 
the two former is practically cosmopolitan, while the last one is re- 
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stricted to Atlantic Oondwana. Into this realm (below 1,000 fathoms) 
also enter the shallow-water genera Cistella (20-1,622, Cretaceous), 
Cryptopora (26-2,200), Gwynia (8-2,200, Pleistocene), Hemithyris 
(16-2,084, Pliocene), Idothyrina (6-2,900, Pliocene), Macandrevia 
(5-2,222, Pliocene), Magellania (0-2,160, Jurassic), Terebratdla 
(6-1,460, Jurassic), and Terebratulina (3-1,876, Jurassic). 

BOREAL REGION 

There are 6 genera typical of this region. Of wide distribution in 
northern waters is Dallina. It is best developed about Japan (3 spe- 
cies), and from here it probably spread into Arctic waters and along lie 
eastern shores of the Pacific southward across Panama (previous to 
Upper Miocene time) into the Antillean region. In Arctic waters the 
genus occurs at Spitzbergen, and thence south to North Africa, but no 
relicts are found today in any of the Atlantic oceanic islands. Laqueus 
and Terebratalia, both also at home in the North Pacific, and probably 
as old as Dallina, did not get into the Atlantic by either the northern or 
Panama routes. Acanthothyris, widely distributed in the later Meso- 
zoic, is now restricted to Japan. 

Hemithyris is probably also of boreal origin where the family Rhyn- 
chonellidae is best developed since the Siluric. The present distribution 
of this genus is nearly world-wide, but with peculiar and extensive geo- 
graphic lacunaB due to causes not yet understood. The genus has 11 
species, and of these 5 occur in boreal waters, 4 in austral, 1 in Oceanica 
(//. grayi)y and 1 (H, strebli) is a deep-sea form occurring in mid- 
Pacific. Of boreal species none occur off the United States or in An- 
tillean waters. On the Pacific side of the two Americas but a single 
specimen has been taken in the Gulf of Panama {H. craneana) at a 
depth of 1,175 fathoms, and another form, Frieleia halli, occurs from 
San Diego, California, to Washington. H, psittacea is circumpolar in 
its distribution, attaining Japan (var. woodwardi; also H. ludda), Una- 
laska to Shumagins, Gulf of St. Lawrence, Norway south to Shetlands, 
and fossil even to Sicily. In the northeastern Atlantic occurs the non- 
plicate H. cornea. In Antarctic waters there are 3 species, with a fourth 
one in the New Zealand area. These forms seem to have spread from 
Japan south through Oceanica, and thence by way of New Zealand into 
Antarctica. 

AUSTRAL REGION 

There are 6 genera restricted to this region. Of more or less wide 
distribution in southern waters are Agulhasia (off South Africa), Krau»- 
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dna (off South Africa and Tasmania) > Bonchardia (off Bio de Janeiro 
and^ abundantly foesil in Antarctica)^ Magellania and Terebratella 
(Chile, Magellan Straits, Patagonia, Australia, New Zealand, Tasmania, 
Kerguelens, and Antarctica). Megerlina seems to be restricted to the 
Australian region. There are other genera in these waters, and these 
are regarded as migrants to be discnssed tinder Qondwana. This region 
is f aimally directly connected with Oceanica, 

oaaAmoA 

This region is not rich in brachiopods and has 3 restricted but widely 
distributed genera. Prom the Austral region there have migrated into 
the Australia-New Zealand area Eraussina, Magellania, and Terebratella, 
but they are not known north of these land masses. Common through- 
out this island realm are the restricted genera Lingula (also sparingly 
present in the Indian Ocean), Prenulina, and Basiliola (restricted to 
Hawaii) ; the two first named genera extend their range to Japan. 

QOSDWAlfA 

The remaining brachiopod genera, 14 in number, appear to owe their 
dispersion in the main to the former but now much broken shore of 
ancient Qondwana. The present Mediterranean is the remainder of the 
ancient and far more extensive Tethys, always more or less in connection 
with the North Atlantic (= Poseidon) and in early Tertiary time com- 
municating freely with the Indian Ocean. Tethys is the boundary of the 
northeastern area of Qondwana, and the shore thence continued west- 
ward across the Atlantic from northwestern Africa, possibly by way of the 
Canary and Cape Verde Islands, to Venezuela and the Antillean region. 
Western Qondwana, however, was being severed by Poseidon and Nereis 
(North and South Atlantic) during the Cretaceous, and their union 
into the present Atlantic certainly took place during the early Eocene. 
During the Tertiary previous to the Tipper Miocene there was also an 
open seaway between the Caribbean-Panama region, so that the northern 
Qondwana faxmas could readily continue their march south along the 
western side of South America into the Antarctic realm, whose waters 
were then much warmer than they are now. Of these Qondwana brach- 
iopods but few, however, got into the North Pacific. To make this im- 
mensely long and very important migration route clearer, it will be 
necessary to present the geographical range of the genera of this realm 
in detail. 

Bestricted to the Mediterranean-Cape Verde and Portugal-England 
regions there are the 3 genera Qwynia, Megathyris, and Miihlfeldtia 
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(may have representation in South Australia in MegeHui (?) wilU- 
moesi) . In common with this region and the northwestern side of Gond- 
wana or the Antillean-Floridian and Caribbean area are the genera Cis- 
tella, Eucalathis (1 species in the Fiji region), Platidia (has spread to 
Lower California, but not to South America), and Thecidium. 

There are 9 other genera that must be considered in detail : 

Olottidia. — This genus had its origin apparently in the Antilleac 
region, spread north as far as North California, south to Martinique, and 
in the Pacific north to southern California and south to Peru. The 
genus is known in the Pliocene of California, and the spreading probably 
took place previous to the upper Miocene when the Panama land bridge, 
between North and South America, was established. Qlottidia seems to 
be not older than the Tertiary. 

Discinisca. — The genus is most abundant off the South American Pa- 
cific, has spread north to the Qulf of California, and is sparingly present 
in the Antillean region. A single species occurs from Singapore to 
Japan. As the genus probably dates from the late Mesozoic we may have 
here local continuance of a formerly much wider, now much broken and 
discontinuous distribution. On the other hand, the present dispersal 
may be due to larval transportation, for the larvae of the deep-sea Pelago- 
discus (formerly called Discinisca) have been taken in the drag net very 
far from land and are known to live in the free and floating condition 
for nearly a month. 

Crania, — This genus is very common throughout the Paleozoic and 
Mesozoic faunas of the northern hemisphere, and it is therefore probabh 
safe to assume that it originated here. In any event Crania is today most 
abundant in northern oceans, where there are 4 species. In the southern 
hemisphere there are 3 forms, 1 off southeastern Australia, 1 in Antarc- 
tica, and 1 off western Patagonia. Its distribution seems to agree closely 
with that of Terebratulina. 

Cryptopora has a greatly discontinuous distribution and may not owe 
its present occurrences to Gondwana. It was originally described (C 
gnomon) from the north Atlantic, and is now known to be almost uni- 
versal throughout the deep waters of this ocean from Davis Strait and 
Tromso to off Morocco, the Azores, and the. Canaries. The other form 
{C. brazteri) occurs in shallow water off New South Wales. 

Terebratulina probably originated in the northern hemisphere and is 
known fossil since the Jurassic. Its greatest present specific development 
is about Japan, where 6 forms are known. In the northern hemisphere 
are living 11 species, against 3 in the southern hemisphere. In other 
words, the genus is common to almost all shores in the northern bemi- 
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sphere^ and its other main distribution is along the north shore of Qond- 
wana (2 species in- the western Mediterranean), extending as far as the 
Antilles (1) on the west (none are present ofiE western South America), 
on the east into the Indian Ocean (1), and probably across Asia in 
former Tethys to the Pacific. Along the southern side of Gondwana the 
genus probably spread along the shores of the Indian Ocean to south- 
eastern Australia (1) and to the Cape of Good Hope (2). In the vast 
area of the Atlantic Ocean between Africa and South America there is 
but a single species, and this is the Antillean T. cailleti, occurring off 
Brazil at Pemambuco and Rio de Janeiro and as a relict in the mid- 
oceanic island Ascension. 

Dyscolia wyvilUi probably originated in ancient Tethys, where its an- 
cestor, D. guiscardiana, is found in the Pliocene of Sicily. The living 
species is rare at the Maldives in the Indian Ocean, but is more common 
in the Atlantic off Spain, Portugal, northwestern Africa, and the Cape 
Verde Islands. As a relict it occurs off the Lesser Antilles. The other 
form, Z>. crossii, originally described from the east shore of Japan, is 
also reported by Fischer and (Ehlert from Pimta Arenas, in the Magellan 
Straits, and from New Year Sound. By combining the distribution of 
these two species we see that the genus has extended itself along the 
northern, western, and northeastern shores of Gondwana, and from the 
Austral waters to Japan, probably by way of Oceanica. While the genus 
is known only since the Pliocene, its large size and primitive loop makes 
it probable that its origin goes back to the Cretaceous. Its nearest rela- 
tive is Terebratulina, which had its origin in the Jurassic. 

lAothyrina. — This genus has the greatest number of species of all liv- 
ing genera (14), even more than Terebratulina. Its geographical distri- 
bution has recently been worked out by Blochmann (1908, plate 40) with 
the greatest care. The center of distribution was the north shore of 
Gondwana (Atlantic-Poseidon), where (western Mediterranean) at least 
5 species are living. From the Antillean region (2) the genus extends 
down the west side of South -America (3 species, 1 L, uva), and thence 
eastward into the Antarctic region to the Falklands, South Georgia, south 
of Africa, Kerguelens, Saint Paul (south Indian Ocean), and Kaiser 
Wilhelm Land to southeastern Australia. From the Australian region it 
probably spread northwest through Oceanica to Japan, where 2 species 
occur, but no linking forms are known to live now in the intermediate 
region. From the Mediterranean region the genus spread less abun- 
dantly northward along western Europe (2) into the Arctic region (1) 
of Jan Mayen, Iceland, and the east coast of Greenland. None are on 
either side of the North American continent. From the Magellan region 
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L. tiva .(widely distributed from Tehuantepec to Cape Horn and South 
Georgia) has crept north in the Atlantic as far as Buenos Aires, and with 
the breaking down of Gtondwana, L. cvbensia, an Antillean species here 
of wide distribution, has maintained itself with modification on Ascension 
as a relict, but is now recognizable, according to Blochmann, as a distinct 
geographic variant. Another associated relict here is TerebrattUina caU" 
leti. In regard to the remarkable distribution of the 3 closely allied 
forms of Liothyrina (L. sphenoidea in Lusitanian region, L. cubensis in 
Antillean, and the Ascension unnamed form), Blochmann (1906, page 
701) states the following: "The 3 forms are the descendants of one that 
was bound to the shores of the central Mediterranean, which was extant 
up to Tertiary time, and since then the stock has been broken into the 3 
discontinuous areas. Ascension we must regard as a part of the north 
shore of the land-bridge that once united Africa with South America.*' 

Chlidonophora. — This deep-sea genus had its origin along the north 
shore of Gondwana, and C. incerta is found oflf Havana to the northwest 
of Trinidad and in the equatorial mid-Atlantic. The other form occurs 
in the Indian Ocean off the Maldives and Laccadives. The spread was 
through ancient Tethys. 

Macandrevia. — Its most typical development {M, crantum) is now off 
the coast of Norway, spreading thence to North Cape and Greenland, 
east coast of North America at great depths, and south off Europe into 
the Mediterranean area. M, tenera occurs in Davis Strait, but there is 
no representation now in the Antillean region. In the Pacific, in the 
Gulf of Panama, 3 species occur, and 2 of these are also known in the 
• deeps off Chile and Peru. Recently Blochmann has described a final 
species from the Antarctic Kaiser Wilhelm Land. 

EQUATORIAL ATLANTIC 

There is a great dearth of brachiopods in the equatorial Atlantic be- 
tween 10 degrees north and 30 degrees south latitude. But a single shaU 
low-water species is restricted to this great region. Thia is Discina 
striata, found in the littoral at Cape Palmas, Africa, and may be of 
Mediterranean origin. The few other brachiopods of this r^on are 
either northern relicts (2) of broken Gondwana, or deep-6ea migrants 
(2), or shallow-water migrants from the Antillean regions (2). On 
Ascension, in mid-Atlantic, are found the relicts Liothyrina cubengis ? 
(now changed into another form according to Blochmann) md Tere- 
bratulina cailleti (also off northern Brazil). The only other nortbeni 
migrant along the eastern shore of South America is the Antillean Ci»' 
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tetta barrettiana, dredged oflE Bio de Janeiro. Of deep-sea migrants into 
the tropical Atlantic are Chlidonophora incerta (on the equator in mid- 
ocean) and Pelagodiscus atlanticus (1 degree north, 24 degrees west). 
Mediterranean relicts, as Liothyrina vitrea and Dyscolia wyvUiiy occur to 
the north of the region designated — that is, on the Cape Verde Islands. 

From the Antarctic region have come the 3 migrants Liothyrina uva 
(north to Rio de Janeiro), L. wyvUlii (Falklands), and the very charac- 
teristic boreal Bauchardia rosea at Rio de Janeiro. 

In other words, along the shores of eastern South America (5) and off 
the western coast of Africa (1) are found but 6 species, there being 2 
others in the deep sea and 4 relicts on oceanic islands, one of which 
occurs also off Brazil. 

This survey of brachiopod distribution shows clearly not only the 
former existence of equatorial Oondwana across the Atlantic, but as well 
that its vanished Atlantic bridge still controls the distribution of living 
forms. We see that the genera of the northern Atlantic (Poseidon) dis- 
tributed themselves in one direction, more or less widely throughout the 
northern hemisphere and in another pathway eastward into the Indian 
Ocean by way of the northern shore of Oondwana, but the main drift was 
far more decidedly westward along the same land by way of the Antillean 
region into the Pacific, and thence in the main doun the west coast of 
South America into the Antarctic realm. Oondwana appears to have 
existed until middle Eocene times; the deciding land barrier between 
the fauna of the northern and southern hemispheres and the inter- 
hemisphere shallow-water genera followed either its shores or those of 
Ooeanica and the northern Pacific bounding lands. What is true regard- 
ing the dispersion of brachiopods will probably be found essentially 
similar for other groups of animals with short non-feeding larval stages 
and inhabiting equatorial waters. 

8TRATIGRAPHI0 SIONIFICANOE OP OSTRAOODA^ 
BY B. S. BASSLEB 

The recent bivalved crustaceans falling under the order Ostracoda are 
world-wide in their distribution both in fresh and salt waters. Not only 
are many of the species properly termed cosmopolitan, but they are also 
apparently unlimited bath3rmetrically. Today we find them swimming 
at the surface or creeping over the bottom in great colonies, and after the 



> Manoflcript received by the Secretary of the Society May 23, 1011. 



Digitized 



by Google 



276 CONFEKENCB ON PALBOZOIC PALBOGEOGRAPHY 

death of the animal their shells are scattered far and wide, both on the 
land and in the water. Many of us in our field work have no doubt come 
across small pools, sometimes a foot or less in diameter, swarming with 
darting fresh-water ostracods or water fleas. In such instances, as evapo- 
ration proceeds, the pool will become a fairly solid mass of ostracods, 
and finally, when the water has disappeared entirely, their dead shells 
will be scattered by the winds as dust, sometimes to considerable distances. 
Fresh-water Ostracoda are therefore a factor in continental deposits. In 
the sea a similar wide dispersal, independent of the animal's life history, 
depends on the waves and currents, which bear the dead shells far from 
their habitat in life and scatter them broadcast, so that their final resting* 
place may be in the deep-sea ooze or in the shallow littoral deposits. 

Most of the modern as well as ancient Ostracoda are of microscopic 
size, and for this reason, even though in individual development they 
probably exceed almost every other class, they must always remain an 
inconspicuous element of any fauna. Another and more serious diffi- 
culty, especially in the study of the fossil forms, lies in the simplicity of 
shell structure found in some of the families. Among the recent fau- 
nules, species and even genera are established on anatomical characters, 
the shell being practically disregarded. It is a fact that several distinct 
genera have shells with essentially the same outline and surface charac- 
ters. The difficulty, if not impossibility, of distinguishing such genera 
among fossil forms is obvious. For example, Bythocypris cylindrica, an 
abundant fossil in practically all of the Middle and Upper Ordovician 
formations, is closely differentiated from associated Cypridae, yet the name 
possibly includes a number of distinct species. In outline and general 
structure its shell can be duplicated in several genera of living forms. 
On account of lack of character, this great group, which was more or less 
abundantly developed from the Ordovician on to the present, will not be 
mentioned in the further discussion. 

From the foregoing remarks the bearing of the Ostracoda on paleoge- 
ography would seem to be insignificant had the class always possessed the 
characteristics shown by many of the recent forms. However, judging 
especially from their associates in the ancient continental seas, most of 
the Paleozoic representatives were much more limited in their habitat 
Further, many of the Ordovician and Silurian species, particularly those 
comprised in the family Ijeperditiidffi, are not such inconspicuous fossils. 
While the average recent ostracod seldom exceeds a millimeter in length, 
certain Silurian LeperditiaSy the giants of the order, are 30 to 40 milli- 
meters long. Again, there are hosts of forms like the Beyrichiidae of 
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Paleozoic rocks and the Cytheridse of Mesozoic and Becent times that are 
marked by great diversity of surface pattern, which lends itself to accu- 
racy of specific discrimination. 

Taking up the Paleozoic Ostracoda, we find that they have a distinct 
advantage over practically all other organisms in their occurrence in all 
kinds of rocks. While most abundant in limy sediments, they are also 
exceedingly common in highly siliceous strata in all kinds of shales, and 
even in relatively coarse, beach-worn sandstone. They are thus ubiquitous 
in their distribution and indiscriminate in the kind of water and sedi- 
ments. 

Many species supposed to be Ostracoda have been described from Cam- 
brian rocks, but recent unpublished studies show that all of these are 
bivalved phyllopods. The first imquestionable Ostracoda, a few species 
of Leperdiiia, are found in the early Canadian rocks of west Tennessee, 
Missouri, Arkansas, and Oklahoma. Since they are wholly unknown in 
rocks of essentially the same age in the Appalachian region, it is inferred 
that the class, like many other groups of Paleozoic organisms, originated 
in or south of the Gulf of Mexico. It is only in the later stages of this 
period that the class attained representation in the more northern region. 
In the Ordovician a great expansion of the class occurred. The Leper- 
ditiidas continue in full or increased strength, while the main families of 
Paleozoic time are introduced. 

During the Middle Ordovician there seems to have been a shifting of 
the Ostracoda from the southern seas to the northern. This was accom- 
panied by a considerable change in type. Thus, while the Ostracoda of 
the Stones Eiver and the succeeding Black Biver faunas, which are of 
southern origin, consist almost entirely of LeperditiidaB, the next succeed- 
ing deposits from the Baltic region and the northern areas of North 
America contain very few or none of these, but instead a considerable 
development of the more primitive types of Beyrichiidae. Further, all 
types of Ostracoda are rare, except a few like the cosmopolitan genus 
Eurychilina, in the rocks of Trenton age in the Mississippi and Appala- 
chian valleys. The later Ordovician rocks contain a great influx of spe- 
cies quite similar to the late Black River forms as developed in the Baltic 
region of Europe and in America north of Missouri. During this time, 
then, the supply seems to have been derived by emigration from the 
northern seas rather than directly from the southern. 

The earliest Silurian, Richmond formation, has the same generic repre- 
sentation; indeed, this continues with little change through the middle 
Silurian. 
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The later Silurian is marked by a very decided development of the 
genus Beyrichia and its related type, Kloedenia. A striking feature re- 
specting these genera is that whereas the true species of Beyrichia are 
exceedingly rare in all American deposits of similar ages, on the other 
hand Klcedenta occurs on both sides of the Atlantic, while another genus, 
Kloedenella, obtained extraordinary development in the Silurian rocks of 
the Appalachian Valley and is almost unknown in Europe. True Leper- 
ditiidas continue throughout the Silurian. 

With the inauguration of the Devonian the general aspect of the Ostra- 
coda changes markedly. True Leperditiidae have practically disappeared, 
only a few stragglers occurring in the lower beds of the Helderbergian. 
The BeyrichiidsB have modified itno new generic groups with a quite 
dilBferent aspect. The hitherto poorly represented genera, like Kirkiya, 
Octonaria, Thlipsura, etcetera, now make up a considerable proportion 
of the total number. The general aspect of this ostracod fauna was not 
materially changed until the close of the Paleozoic. In abundance and 
variety American Devonian ostracods are in contrast with those of Europe 
because the latter are so poorly developed. It appears that the area of de- 
velopment and dispersal was again shifted back to South Atlantic waters. 
In fact, it seems that they were almost confined to these waters until well 
toward the close of the Paleozoic. In the Pennsylvanian a number of 
types not hitherto seen are introduced, the notched cypridinoids, primi- 
tive (/Vtheriida*, and numerous cytherelloids. At this time a host of 
fresh-water forms are introduced — the first known. By this time the 
marine Ostracoda have become so cosmopolitan that the locus of their 
development can no longer be traced. Although still of aid in broad 
correlation, their value in detailed correlation and in the discrimination 
of paleogeographic provinces has k^en almost entirely lost. In sua-eed- 
ing time the fresh-water forms become more and more abundant. They 
are frequently found in the Red Beds of the West, and layers are often 
almost made up of them in the land deposits of the Cretaceous and Ter- 
tiary. While a few can be determined as land forms, many others are so 
similar to the marine Cypridas that on their own evidence it would be 
almost impossible to decide that they are actually land forms and not 
marine. 

From the foregoing it will be seen that while the Ostracoda are of very 
considerable value in stratigraphic correlation and throw light on paleo- 
geographic problems up to the Pennsylvanian, their value in this respect 
seems to be much diminished in later times. 
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RELATION OF THB PALEOZOIC ARTHROPODS TO THE BTRAND-LINE » 
BY JOHN M. OLABKE 

None of the Crustacea have shown a wider distribution than the trilo- 
bites. As to these trilobites there seems to be little in their mode of life 
to throw light on oscillations of the strand. They were not very sensitive 
organisms. Their primitive composition accounts for that in no small 
measure, so they adapted themselves to bathymetric differences of some 
considerable degree. We find their moults in the sands and the shales 
and the limestones of the Paleozoic, and doubtless some part of these 
have been washed out of their proper depth into the debris of the bottom, 
but their jointed skins are found as well in all these deposits, and we 
know they lived in shallow sands and deeper muds within perfectly easy 
reach of land waste. Their ready adaptability and their locomotive 
powers carried them easily over differences in sediment and depth, so in 
the habitude of these creatures there is really little to serve as a guide to 
geographic changes. In their anatomy there is more. I have long been 
impressed with the possibility that the relative development of the eye in 
these and other crustaceans, whether simple or compound, might afford 
some clue to the bathymetric conditions governing these animals. With 
our old knowledge it has seemed that the highly developed compound 
lenses in all the later trilobites, eurypterids, and in all the early shrimps 
and crabs must be a definite response to the amount of light received in 
their habitats; that the vaguely developed visual area in many of the 
Cambric trilobites, sensitive to light only in a general way along streaks 
on the head, should express a depth of water corresponding to a mini- 
mum of light received, but there were incongruities in these conceptions 
long before we knew the reasons for them. JSglina, with its enormous 
compound eyes, among its lensless associates of the Cambric, the unde- 
niable evidence of shallow-water condition, in which the unspecialized 
eyes of the Cambric trilobites were produced, the counter-evidence of 
the highly developed ommatidia in the Phacopes and Dalmanites of the 
deeper waters of Siluric and Devonic, Walcott^s demonstration that the 
visual areas in Olenellus bear lenses — these and similar incongruous con- 
ditions in the present deep sea from the Cystosoma, with its tremendous 
ocular development to the blind crab Willemoesia, go to show that the de- 



^ Mannscrlpt received by tbe Secretary of the Society May 27, 1011. 
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velopment of the visual organ is partly a matter of growth and decline 
and in a large part an adaptation. The pigment about the ommatidia 
of a compound eye can by its readjustment adapt the organ either to the 
dusk or the brightness^ and an elaborate compound eye thus fits all 
depths^ shallow or great. I suggested last year that conditions of long 
isolation are sometimes, more often than we think, indicated by the re- 
sumption of primitive ornaments in the trilobite integument at a stage 
where in the normal progress of the race the creatures have burst into 
their climax of decoration, as in the trilobites of the austral Devonic, 
where even the sutural spines of the Cambric reappear in conjunction 
with the climacteric decoration of the race appropriate to the Devonic 
period. Here, too, isolation shows its eflfects in the development of ex- 
pressions of lobal coalescence and pygidial decoration not elsewhere 
known. These characters in morphology are positive factors in the deter- 
mination of the limitations of the strand, and morphology does in its 
total expression prove the most dependable index of geographic differ- 
ences. The eurypterids, in their life history and in their climax, are far 
more sensitive to geographic changes. The few early eurypterids we 
know were doubtless marine, and the creatures gradually acquired the 
brackish-water habit of their climax, which seems to have eventually 
changed to a fresh-water life. The value of these creatures as indexes of 
geography at any one time in the earth's history is therefore quite evident. 
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Skssiox of Monday, Deckmber 31 

President Merriam called the Society to order in general session at 10 
a. m., Monday, December 31, in Rehearsal Hall of the Carnegie Museum. 
Doctor Holland welcomed the Society to Pittsburgh in a patriotic speech, 
which was a])preciated and warmly applauded by the members. Follow- 
ing Doctor Holland, President Merriam opened the exercises with an 
inspiring address, the keynote of which was our duty to science at the 
present dark moment. 

The first matter of business before the Society was the report of the 
Council, which was then presented. 
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REPORT OF THE COUNCIL 

To the PaleoniologiccU Society, in ninth annual meeting assembled: 

This year's Council has held two regular meetings for the transaction 
of the Society's business — one at the adjournment of the meeting at Al- 
bany, December 29, and the second just before the present session. As 
usual, most of the business has been conducted by correspondence. The 
following reports of oflScers give a resume of the administration for the 
ninth year of the Society : 

Secr£taby*r Repobt 

To the Council of the Faleontological Society: 

Meetings, — The proceedings of the eighth annual meeting of the So- 
ciety, held at Albany, New York, December 27-29, 1916, have been 
printed in volume 28, pages 189-234, of the Bulletin of the Geological 
Society of America, published on March 31, 1917. On account of the 
great delay in publication due to war conditions, only two numbers of 
the four publislied annually as the Bulletin of the Geological Society of 
America have been issued up to the present date, and the proceedings is 
the only one of our Society's publications that has so far been printed. 
Xumber four of this Bulletin, now in press, contains three articles by 
members of our Society. However, a second publication — an extensive 
paper by Doctor Grabau, published at the end of 1916 — ^was distributed 
during the present year, so that while the number of papers has been 
smaller the number of printed pages has been about as usual. 

The announcement that the nintli annual meeting of the Society would 
(K'cur at Pittsburgh, Pennsylvania, beginning December 31, 1917, at the 
invitation of the Carnegie Museum, through the Director, Doctor Wil- 
liam J. Holland, was forwarded to the members on March 26, 1917, with 
the Council's proposed nominations for officers. 

At the meeting of the Council just concluded, it was voted that in view 
of the increased membership and business of the Society, the Secretary 
was eraj)owered to expend not more than $25 j)er year for necessary 
clerical assistance. 

Membership, — During the year the Society has lost by death Prof. 
Henry M. Seely, who died May 4, 1917, and Prof. William Bullock Clark, 
who died early in July, 1917. Professor Seely was one of our oldest 
members and had been Professor of Xatural History at Middlebury Col- 
lege, Middlebury, Vermont, since 1861. His best known geologic work 
was on the stratigraphy and paleontology of the Beekmantown and Chazy 
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formations of the Champlain Valley. Professor Clark was in the prime 
of life, and his passing is a great blow to our science. His works on the 
Atlantic Coastal Plain, and especially on the geology and paleontology 
of Maryland, are too well known to be mentioned in detail. 

Eight new members were elected to the Society at the eighth annual 
meeting, making the enrollment at the end of 1916, 184. Nine new 
members are under consideration for this meeting, so that at the present 
rate the Society will pass the 200 mark within a year. Five members of 
our Society were elected to Fellowship in the Geological Society of Amer- 
ica at the election just concluded. 

Pacific Coast Section. — The eighth annual meeting of the Pacific Coast 
Section of the Paleontological Society was held at Stanford University 
on April 6 and 7, 1917, the Society participating in the second annual 
meeting of the Pacific Division of the American Association for the Ad- 
vancement of Science. On April 6 the Society met in joint session with 
the Geological Society and the Seismological Society, at which time Prof. 
John C. Merriam delivered an address on preparedness. This joint ses- 
sion adjourned at the conclusion of Professor Merriam's address, and the 
Paleontological Society was called to order in separate session by Dr. 
J. P. Buwalda at 3.15 o'clock, in room 360, Mineralogy Building. 

The following officers were elected for the ensuing year : 

President, Bruce L. Clark. 
Vice-President, Chester Stock. 
Secretary-Treasurer, Chester Stock. 

Nineteen papers, dealing with both the Vertebrate and Invertebrate 

Paleontology and Stratigraphy of the West Coast especially, were read 

at this meeting. Twenty-two members and visitors were present. The 

minutes of this section are printed on pages 160 to 166 of this Bulletin. 

Respectfully submitted, 

R. S. Bassler, 

Secretary. 
Washington, D. C, December 31, 1917. 

Treasuber's Report 

To the Council of the Paleontological Society: 

The Treasurer begs to submit the following report of the finances of 
the Society for the fiscal year ending December 19, 1917: 
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RECEIPTS 

Cash on hand December 26, 1916 ^481. 65 

Membership fees (1916) 12.00 

Membership fees (1917) 243.10 

Interest, Ck>nnecticut Savings Bank 13.86 

$750.61 

EXPENDITURES 

Treasurer's office : 

Postage $4.00 

Stationery and printing 9 . 75 

$13.75 

Secretary's office : 

Secretary's allowance $50.00 

Expenses 47.49 

97.49 

111.24 

Balance on hand December 19, 1917 $639.37 



Net increase in funds $157.72 

Outstanding dues (1916), 4 $12.00 

Outstanding dues (1917), 9 27.00 

39.00 

Respectfully submitted, Richard S. Lull, 

TrecLSurer. 
New Haven, Connecticut, December 19, 1917. 

APPOINTMENT OF AUDITING COMMITTEE 

Following the reading of the Treasurer's report, on vote of the Society, 
Burnett Smith and W. A. Parks were appointed a committee to audit 
these accounts. 

ELECTION OF OFFICERS AND MEMBERS 

The announcement of the election of officers for 1918 and of new mem- 
bers was the next matter of business. The results of the ballots were as 
follows : 

OFFICERS FOR 19J8 

President: 

P. H. Knowlton, Washington, D. C. 

First Vice-President: 

Arthur Hollick, Xew York City 
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Second Vice-President: 

L. W. SxEPifENSOX, Washington, D. C. 

Third Vice-President: 

F. B. LooMis, Amherst, Mass. 

Secretary: 

R. S. Bassler, Washington, D. C. 

Treasurer: 

E. S. Lull, New Haven, Conn. 

Editor: 
C. R. Eastman, New York City 

NEW MEMBERS 

F. E. Clements, Carnegie Institution, Wasliington, D. C. 

Lee Raymond Dice, University of Montana, Missoula, Mont. 

Childs Frick, Santa Barbara, Cal. 

Eugene Schofield Heath, Botany Hall, University of California, Berkeley, 
Cal. 

Remington Kellogg, 2212 A Union, Berkeley, Cai. 

Wayne Frederick I^el, Department of Geology and Mining, Stanford Univer- 
sity, Palo Alto, Cal. 

Ida Carter Oldroyd, College Terrace, Palo Alto, Cal. 

Carroll Marshall Wagner, 2604 Etna Street, Berkeley, Cal. 

ELECTION OP NEW MEMBERS 

The President then reported that the Council had acted favorably on 
the request of William F. E. Gurley, of Walker Museum, University of 
C'hicago, and W^illiam A. Price, of West Virginia University, Morgan- 
town, West Virginia, botli members of the Geological Society of America, 
who had signified the wish to become members of the Paleontological 
Society. He also stated that the following nomination for membership, 
received too late for the printed ballot, was favored by the Council: 

Mrs. EuLA D. McEwAN, A. B. (1913), A. M. (1914) Indiana University, Scien- 
tific Aid in Paleontology, U. S. National Museum. Engaged in study of 
fossil invertebrates. Propose<l by E. (). Ulrich and R. S. Bassler. 

On motion by Mr. David WJiite and the unanimous vote of the mem- 
bers, the Secretary was instructed to cjist the ballot of the Society for 
election to membership of ^fcssrs. Gurloy and Price and Mrs. ^FcEwan. 
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PKESENTATION OF PAPEHS OX PALEONTOLOGY AXI) STRATIGRAPHY 

The first paper on the program, dealing with the stratigraphy and 
paleontology of the Paleozoic rocks on the Piedmont plateau, was illus- 
trated by lantern slides and was discussed by Messrs. Grabau and Mer- 
riam, with replies by the author. 

PALEOZOIC DEPOSITS AND FOSSILS O.V THE PIEDMOXT OF MARY LAM) AXD 
^ y IRQ IS I A 

BY B. 8. BAS8LEB 

(A&«<rac<) 

The western part of the Piedmont plateau in Maryland and Virginia contains 
areas of early Paleozoic limestone infolded in the Precambrian crystallines and 
overlaid in part by the Triassic (Newark) series. These limestones outcrop at 
one iK>int next to the early Cambrian Harpers shale, and it has hitherto been 
lielieved that they represented the Shenandoah limestones of the Appalachian 
Valley, comprising strata from early Cambrian to Middle Ordovician time. 
IXetailed mapping of this area and the discovery of fossils has shown that this 
Piedmont limestone consists of a lower massive limestone division with Lower 
Beekmantown fossils separated by a well marked disconformity from an upper 
thin bedded dark-blue limestone with a Chazyan fauna. The I^ower Beekman- 
town division can be correlated directly with strata in the Appalachian Valley, 
but the Chazyan portion has no representation there. 

There wa.s then presented a study of an interesting problem in Devo- 
nian stratigraphy by the author, illustrated with diagrams, which brought 
forth discussion from several members of the Society. 

SIGMFICANCE OF THE SHERBURXE BAR /.V THE IPPER DEVOSIC 
STRATIGRAPHY 

BY AMADEUS W. GBABAV 

(Abstract) 

The original Sherburne sandstone of Vanuxem formed a bar which extended 
from the old-land of Atlantica on the north to the mouth of the Devonic Rom- 
ney River on the south. During its maximum development, shortly after the 
close of the Hamilton period, it was about ten miles wide and formed an effec- 
tive barrier between the Atlantic region which carried the t.\T)ical Hamilton 
fauna and western New York and the region beyond. In this area n remnant 
of the Hamilton fauna, cut off from intercrossing with the main stock, de- 
veloped into the early Ithaca, or lower Portage fauna, to which were added 
migrants from the Traverse survivors of the west. Meanwhile the pure Hnmii- 
ton, or Tropidoleptus, fauna continued in the embaynient east of the liar, re- 
iiinining in constant communication with the center of distribution of this 
fauna in the Atlantic. In the Far West the Naples fauna nuide its (Mitnnicc. 
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SO that three faunas existed simultaneously in New York — ^the Naples in the 
west, the Lower Portage, or pure Ithaca, in the center, and the Hamilton in 
the east. Submergence of the bar permitted an intermingling of the Hamil- 
ton and pure Ithaca faunas, and so produced the mixed fauna commonly taken 
as typical (but not the pure) Ithaca fauna. These facts are demonstrated bj 
sh6wing the percentages of each of the faunal units found in the successiTe 
sections from west to east. 

Professor Moore, a visiting Fellow of the Geological Society of Amer- 
ica, then gave an interesting account of algal limestones of the Far North. 
His paper was illustrated by lantern slides and was discussed by Messrs. 
White, Merriam, Grabau, and Bassler. 

ALGAL LIMESTONE ON THE BELCHER ISLANDS, HUDSON BAT 
BY E. S. MOOBE^ 

i Abstract) 

The Belcher Islands are situated off the east coast of Hudson Bay and con- 
sist of rocks similar in many respects to those formed on the coast and which 
have been described by Leith and Low. The islands were little known until 
recently, when considerable areas of Jasper were discovered on tbem. Asso- 
ciated with this iron formation there is a remarkable band of concretionaiT 
limestone over 400 feet thick and consisting of spherical to subspherical balls 
varying from about an inch to 15 inches in diameter. These were at first re- 
garded as cryptozoons. but their spherical form and the almost total absence of 
the crenulated character of the cryptozoons seem to separate them, at least 
from Oryptozoon proUferum. They resemble more strongly some of the recent 
algal concretions found in lakes and streams and described by Clarke, Rodd;, 
and others. A smaller type is similar in some respects to Walcott's CoUeniaf 
frcquens. 

In the associated iron formation there are numerous granules of caldte, 
silica, and iron silicate. The two former bear a close resemblance to certain 
granules which occur in the Lower raleozoic limestones of central Pennsyl- 
vania and which grade without break into distinct oolites. The occurrence of 
these concretions, both large and small, and their associations point strongly 
to organic origin of the limestone and iron deposits, and it indicates further 
that these rocks are either not Precambrian, as they have been supposed to 
be, or that an abundance of low types of life existed in the Hudson Bay basin 
in Precambrian time. 

At 12.30 p. ni. the Society adjourned for luncheon, convening again 
at 2 p. ni. for the reading of the paleohotanic papers of the symposium. 
Although the absence of several of the authors prevented a full discus- 
sion of their papers, which were read by other members of the Society, a 
number of interesting and instructive points were brought out in the 
remarks by Messrs. Matthew, Vaughan, White, Merriam, Ami, Osbom, 
and others. 



» Introduced by K. S. Bassler. 
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SYMPOSIUM OX PROBLEMS IN HISTORY OF FAUNAL AND FLORAL RELATION- 
SHIPS IN THE ANTILLEAN-ISTHMIAN REGION AND THEIR BEARING ON 
BIOLOGIC RELATIONSHIPS OF NORTH AND SOUTH AMERICA 

RELATWXS BETWEEN THE PALEOZOIC FLORAS OP NORTH AND SOUTH 

AMERICA 

BY DAVID WHITE 

RELATIONS BETWEEN THE ME80Z0IC FLORAS OF NORTH AND SOUTH 

AMERICA 

BY F. H. KNOWLTON 

PALEOQEOGRAPHIC SIGNIFICANCE OF THE OENOZOIC FLORAS OF 
EQUATORIAL AMERICA AND THE ADJACENT REGIONS 

BY EDWABD W. BEBBY 

BEARING OF THE DISTRIBUTION OF THE EXISTING FLORA OF CENTRAL 
AMERICA AND THE ANTILLES ON FORMER LAND CONNECTIONS 

BY WILLIAM TBELEASE 

After the conclusion of the first part of the symposium, there was suffi- 
cient time before adjournment for the day for the presentation of the 
first paper in the list of those dealing with the invertebrate paleontology 
of Central America and the West Indies. This paper on the Paleozoic 
history was presented by the author and was illustrated by lantern slides 
of paleogeographic maps. Both the papers and the maps called forth 
such criticism and comments from Miss O'Connell and Messrs. Grabau, 
Matthew, Vaughan, and others that new data were added to this some- 
what doubtful portion of Central American history. 

PALEOZOIC HISTORY OF CENTRAL AMERICA AND THE WEST INDIES 

BY B. S. BASSLEB 

At 5.30 p. m. the Society adjourned, meeting again at 8 p. m. at the 
ITniversity Club, to hear the address of the retiring President. 

PRESIDENTIAL ADDRESS BY J. C. MERRIAM 

AN OUTLINE OF PROGRESS IN PALEONTOLOGIC RESEARCH ON THE PACIFIC 

COAST 

Doctor Merriam's account of the progress of all three branches of 
paleontology on the west coast was followed with much interest and atten- 
tion by the fifty or more members and visitors who were present. 
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SMOKER TO THE SOCIETY 

The presidential address was followed by a smoker to the Society as 
guests of Doctor Holland, Director of the Carnegie Museum. After re- 
freshments had been served and conversation had continued for an hour, 
Doctor Holland, the host of the evening, called the Society to order and 
introduced one member after another for impromptu talks and reminis- 
cences. The good stories related by Doctors Holland, Osborn, Williston, 
Ami, and Grabau, of American and foreign paleontologists, were espe- 
cially enjoyed. The Society also had the pleasure of listening to ad- 
dresses by the Chancellor of the University of Pittsburgh, members of 
the Board of Trustees of the Carnegie Museum, and other guests, and 
from several of the Fellows of the Geological Society of America. As 
tlie hour of 12 approached. Doctor Holland, in a patriotic address, em- 
pliasized the duty of science to the nation, and asked us to mark tlie 
passing of the old year with a pledge to our country. As the whistles of 
the great steel mills along the three rivers of Pittsburgh, the armorer of 
the nation, announced the birth of the New Year, we arose and pledged 
ourselves anew by the singing of "America." 



Skssion of Tuksday, January 1 

Tuesday morning, at 10 o'clock, the members met in the hall of verte- 
brate paleontology of the Museum and were shown all the choice speci- 
mens of the exhibit by Doctor Holland, who pointed out the most strik- 
ing and interesting features in each. Time was lacking for a complete 
tour of the Museum, so Doctor Holland then guided us through the 
laboratories of vertebrate paleontology, where, with the magnificent speci- 
mens before us, he presented the following paper: 

SOME OnSERVATIOXS OX THE OSTEOLOGY OF DIPLODOCLS 
BY WILLIAM J. HOLLAND 

Questions and remarks by Doctors Osborn, Williston, and Matthews, 
witli re[)lios by Doctor Holland, added to this interesting discussion and 
gave tlie meni])ers an insight into the great explorations by the Carnegie 
Museum and its richness in vertebrate remains. The recently acquired 
material of Diplodocus in the possession of the Carnegie Museum, in- 
cluding a perfect skull, in which even the sclerotic coat of the left eye-ball 
had been petrified, was the especial subject of Doctor Holland's pa[>er. 
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although he touched on aiici disposed of the recent criticisms of Rev. 
H. W. Hutchinson. 

At 11.30 the Society commenced again in general session to continue 
the reading of papers, with Doctor Merriam presiding. The chairman 
announced tliat, in order to give variety to the program, papers from the 
three branches of paleontology would be interspersed. The first paper 
was a paleobotanic one, illustrated with specimens. Discussed by Messrs. 
Holland, Williston, Merriam, and Vaughan. 

CRiriCAL fiTVDY OF FOfH^ilL LKAVKS FROM THE DAKOTA SANDSTOXE 

BY E. M. 6RE8S* 

(Ahstract) 

The study has been based on a collection consisting of about 100 specimens. 
About 80 of these nre from a large collection of fossils purchased from Baron 
Ernst de Bayet, of Brussels, a few years ago, the remainder from the United 
States National Museum by exchange. The Bayet collection comes from Ells- 
worth County, Kansas ; the others from different parts of Kansas and Nebraska. 

A few of the spec»lmens had already been identified, some by I^eo Lesquereux ; 
others by an unknown person. Most of them bore no record of identitication. 
All specimens have been carefully examined, and those bearing no labels have 
been identified, while those already identified have been verified. 

The collection is represented by about 65 species and 26 genera, among which 
the most common are the following : Aralla, Betulites, Ficus, Magnolia, Popu- 
lus, Protophyllum, Sassafras, Sterculia, and Viburnum. 

In our study of the fossils we have included a brief review of the history, 
location, and correlation of the "Dakota Formation," with a careful description 
of each species and citations of available references. A critical study and com- 
parison of each specimen with other described and figured species and with 
type forms has been made. 

Professor Osbom then presented his interesting papers on vertebrate 
paleontology, both of which were illustrated by lantern slides. In the 
discussion of these papers Messrs. Holland, Merriam, Peterson, Granger, 
and Matthew took part. 

OBHERVATIOyR OX THE fiKELETOXS OF MOROPUf! COOKI JX THE AMERICAX 

MVREJm 

BY HENRY FAIRFIELD OSBORN 

{Ahstract) 

Moropus is the largest and most distinctive mammal of Lower Miocene time 
in western North America, and has attracted a great deal of attention from 



> Introduced by O. E. .Tcnnlnprs. 
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paleontologists because of the long period of uncertainty as to its highly unique 
structure and adaptations and its great rarity as a fossil, the latter due prob- 
ably to its forest-frequenting habits. 

With its companions, the giant elothere pig, known as Dinohyus, and the 
diminutive pair-homed rhinoceros, Diceratherium, its remains have since 18S2 
been found in profusion in the Agate Spring Quarry of Sioux County, western 
Nebraska. This quarry lies in the upper portion of the Lower Harrison hori- 
zon of Hatcher and was discovered by Mr. James H. Cook, of Agate, in the 
year 1877. Prof. Erwin H. Barbour collected the first actual Moropus material 
from the Agate Springs quarries in July, 1892. Mr. Harold Cook made a con- 
siderable excavation in 1904, but it was not .until 1908 that the specific name 
Moropus cooki was given by Professor Barbour' (January 26, 1906), thus 
identifying the animal generically with Marsh's tyi>e of Moropus from a some- 
what more recent deposit' In the meantime very extensive excavation and 
exploration wa.s carried on by the Carnegie Museum for Moropus^ Dinohyus, 
and Diceratherium remains, and after preliminary description the Moropu$ 
skeletons were described in detail in an important memoir in 1909.» 

These carefully conducted excavations by Mr. O. A. Peterson, under Dr. 
W. J. Holland's direction, proved that the Agate Springs Quarry is the most 
remarkable deposit of mammalian remains of Tertiary age that has ever been 
found in any part of the world. Its only rival in the quantity of material 
preserved is the mid-IMeistocene deposit of Rancho I>a Brea, near Los Angeles, 
southern California. 

In 1911, through the courtesy of Messrs. James H. Cook and Harold Cook 
and with their highly intelligent cooperation, the American Museum excava- 
tions began under the direction of Mr. Albert Thomson, assisted by Mr. Charles 
Barner, and continued through 1916. 

In the year 1911, after exposing a large Diceratherium area of closely packed 
skeletal remains and securing parts of a Dinohyus skeleton, the border of a 
great Moropus area was exposed. In the year 1912 three skeletons of Moropus 
were secured, mingled with very abundant Dicerat?ieriutn and portions of one 
skull and skeleton of Dinohyus. During 1913 and 1914 several more skeletons 
were found, and the outlines of a great Moropus bed were determined. In 1913 
work was suspended. In 1916 the Moropus collections of the American Museum 
were completed (October 29), amounting in all to seventeen skeletons. In the 
five summers of excavation (1911-1914, 1916) an irregular area within a square 
of about thirty-six feet yielded nearly complete s^kulls of ten individuals and 
skeletal parts of seventeen more animals. 

It was at first supposed that this accumulation of bones came from the drift- 
ing of a very large number of decomposing skeletons, but the early years of 
careful work soon revealed the very important fact that the greater part of 
this skeletal material belongs to a number of individuals. These individuals 

I E. H. Barbour : The skull of Moropus. Nebr. Geol. Survey, vol. 3, pt. 2. 1908. pp. 
200-216. pis. 1-2. flgs. 1-5. 

= The type of Moropua elatua Marsh has recently been determined by Mr. Harold Cook 
as of rpi)er Harrison age. 

» W. .T. Holland and O. A. Peterson : The osteology of the Challcotheroidea, with spe- 
cial reference to a amounted skeleton of Jforopus elatua Marsh now Installed In tbe 
CameKle Museum. Mem. Carnesrie Mus.. vol. 111. no. 2. .Tan. 17, 1014. pp. 189-406. pis. 
xlvlli IxxvU. tijjs. MIH. 
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have been assembled with a considerable degree of certainty as to the associa- 
tion : first, through the extremely careful records which were kept of the loca- 
tion of every bone in the quarry ; second, through their propinquity ; third, the 
careful fitting and articulation of the bones ; finally, through careful compara- 
tive measurement of size. It now appears certain that few of the bones had 
drifted a long distance ; they were mostly deposited not far from the carcasses 
to which they had belonged. 

The last twelve months of laboratory work in the American Museum of Nat- 
ural History has resulted in bringing together several skeletons which are 
practically complete, and certainly in more than one case belonging to one 
individual, together with a number of skeletons in which the association of 
the bones is probably but not certainly correct. 

From this wonderful material it has been possible to supplement the full 
descriptions of this animal which were published in 1909 by Messrs. Holland 
and Peterson, and to give for the first time the absolute form and proportions, 
the pose, and the articulations of the fully adult Moropus, of very, large size. 
This and other materials will soon be described by the present author. 

In the meantime Maropus may be characterized as a forest-loving, slow- 
moving animal, not improbably frequenting rather swampy ground. The small 
head, relatively long neck, high fore quarters, short, downwardly sloping back, 
straight and elongated limbs, suggest a profile contour only paralleled by the 
forest -loving okapl among existing mammals. The foot structure, of course, 
is radically different from that of the okapi, but we should not regard it as 
fossoriah or of the digging type, because it is not correlated with a fossorial 
type of fore limb. It would appear that these great fore claws, in which the 
phalanges were sharply flexed, were used in pulling down the branches of 
trees and also as powerful weapons of defense. 

A LONO-JAWED MASTODON SKELETOy FROM SOUTH DAKOTA AKD 
PHTLOGENT OP THE PROBOSCIDEA 

BY HENBY FAIBFIELD OSBOBN 

{Abstract) 

Cope's family classifications were morphological and horizontal rather than 
phylogenetic and geological. Finding one or more single characters possessed 
in common at certain horizontal periods of geologic time by mammals in differ- 
ent lines of evolutionary descent, he seized on these common characters as 
convenient keys to classification. First ' for the order Perissodactyla and then 
for the families of rhinoceroses ' and titanotheres ' I have reached the opinion 
that Cope's method of morphological classification is untenable, that the only 
true and permanent clai;;^ification is phylogenetic. Other paleontologist«t, how- 
ever, have reached a different opinion. 



1 Fossil mammals of the Wasatch and Wind River beds. Collection of 1891. (With 
J. L. Wortman.) Bull. Am. Mus. Nat. Hist., vol. Iv, art. xl, Oct 20, 1892, pp. 81-147. 

'Phytogeny of the rhinoceroses of Europe. Rhinoceros contributions No. 5. Bull. 
Am. Mua. Nat. Hist, vol. xill, art. xix. Dec. 11, 1900, pp. 229-267. 

■The four phyla of Ollgocene titanotheres. Bull. Am. Mus. Nat. Hist., vol. xvl, art. 
vlil, Feb. 18, 1902, pp. 91-109. 
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The chief advantage of the vertical phylogenetic classification is tha 
brings animals together in similar or closely allied lines of evolutionary 
scent; it corresponds with the branches and subbranchee of the family 
The chief difficulty with phylogenetic classification is a technical one. nan 
to harmonisse it with the Linnaean and the prevailing zoological system 
family, subfamily, and generic nomenclature, which are alike based on 
affinities displayed between the existing terminal twigs of the branches 
subbranches rather than on the phyletic ancestral lines which connect ti 
twigs with their several ancestral branches. Sometimes the subfamilies 
posed by zcx'iiogists conform to the phyletic lines discovered by paleontologl 
sometimes they do not 

The present classification and nomenclature of the Proboscidea iUust 
afresh the confusion, at first glimpse apparently hopeless, resulting from 
morphological classification and nomenclature of Linnseus and of varioas i 
ontologists, following the zoological standards, such as were embraced by 
Upward of forty generic names have been applied to the mastodons andj 
phants, and, as pointed out by Matthew,* there is no uniformity in the ui 
of these generic terms, nor has any principle of arrangement been worked 
by which we may at least begin an advance toward a permanent system 
nomenclature of this highly important and interesting group. 

In the present paper, which is the result of studies b^?un in 1902 and 
observations carried on in American and European museums, with the val 
ble aid of the recent rearrangement of the collections of Prolwscidea in 
American Museum of Natural History by Dr. W. D. Matthew, I essay a pi 
logenetic classification. This attempt, aided by the recent observations of lA 
, Matthew,* and Barbour,' is preliminary to a more thorough review which Ui 
preparation by the author.* 

It will probably subser\'e clearness to present at once the following key 
the proposed phylogenetic classification, in which are shown at least ela 
distinct phyla of proboscidians, grouped into five subfamilies and three famiH 

ORDER PROBOSCIDEA 

Familiea 
DINOTHERES : 

I. Dinotheriidce, crested teeth, down-turned tusks. 
II. Ma8'todontid(B, crested and cone teeth. 
MASTODONTS. A. Bunolophodont, cone-and-crest-teeth mastodonts. 
1. Bunomaatodontinw: 

*K. S. Lull: The evolution of the elephant. Am. .Tour. Scl.. vol. xxv, Mar., 1908, | 
1G9-212, flgR. 1-27. 4 charts; reprinted In Smiths. Report for 1908. No. 1909, pp. 641-61 

• \V. 1). Matthew : The Renorlc nomenclature of the Proboacldea. Read hefore t 
PaleontolofTical Society, Plttslnirprh, .Tan. 1. 1918. 

^ K. H. Barbour : Mammalian fossils from Devils Gulch. Nebraska Geol. Surrey, v 
4, pt. I, Dec. 191.3, pp. 177-190, pis. 1-18. A new longirostral mastodon from Chef 
County, Nebraska. Nebraska Geol. Survey, vol. 4, pt. 14, Sept. 15, 1914, pp. 213-21 
pis. 1-6, flgs. 1-6 (tailpiece). A new lonf^rostral mastodon from Nebraska. Tetrabelod 
osboml, sp. nov. Am. Jour. Scl.. vol. xll, June, 1916, pp. 522-529, figs. 1-4. 

" A memoir on the phylogeny of the Proboscidea, with Illustrations of the prlncip 
American types of mastodon and elephants In the American Museum of Natural Hlsto^ 
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la. Lon^irostraK loug-Jawecl, bunomastodouts, 
Africa, Euraflia, America. 

1ft. Rhynchotherine, l>eak-jawed, bunomasto- 
donts. North America. 

Ir. Brevirostral, sliort-Jawed, bunomastodonts, 
Asia, America. 
B. Zy60Lophoix)nt : 

2. Mantodontimr, typical mastodoiits of Euroi>e, Asia, 

America. 
III. Elephantidw: 
STECiODONTS. C. Brachylophodont, nhort-crowiied, crested teeth. 

3. StegodontituPj stegodonts of southern Asia. 
EI^EI*HANTS. I). Hypsilophodont, long-crowned, crested teeth. 

4. Loxodontincp : 

4a. Loxodonta aniiquus, straight-tusked ele- 
phants, Eurasia, Africa. 
46. Loxodonta africanus, African elephants. 

5. Elephant inw: 

5«. EuelephaHjwimigeniun.mBLmmoths, Eurasia, 
North America 

56. Euelephas volumlH; E. imperator^ Ameri- 
can mammoths. 

5c. Elephaa indicus, Indian elephants. 

The three traditional families, namely, the Dinotheriidcp, Mastodontido', and 
Elephantidw, call for no comment. 

The mastodonts may be divided into two subfamilies, namely, (1) the Butw- 
matitodontiiur, which are clearly distinguished by the presence of cones grow- 
ing In between the transverse crests and forming "trefoils," to use the term 
introduced by Cuvler in his description of the grinding teeth of 3/. amjustiflens. 
This was the first bunomastodont discx)vered and is the type of a great race 
of longirostral, long-Jawed, short-limbed forms, which ranged widely from 
northern Africa over Europe, Asia, and North America. As shown also in the 
accompanying scheme, the bunomastodonts, which sprang from Palwomastodon 
of the Oligocene of northern Africa and [wssibly as well from Hrmitnastodon 
of southern Asia, divide into three great, long-lived phyla, which may be dis- 
tinguished as follows : 

Longirostral, long-jawed, typifie<l by the species M. anguHtidnix. 

Medirostral, beak-jawed, typified by Rhynrhotherium. 

Brevirostral. short-jawed, typified by the sptn^ies -If. minflcuH. 

The long-jawed and short-jawed phyla of bunomastodonts are comparatively ' 
well known in Europe, Asia. North and South America. The bonk- jawed 
phylum, typified by the genus and si)ecles Rhynchoiherium tlaxcala* is pro- 
visionally arranged, because there is some uncertainty as to the iK>sition of 
the si>ecies R. ruhffpodon Cope, R. (?) nhvpardi Leldy, and R. hrevidenn Cope. 
The rhynchotherlnes are readily distinguished by jaws of medium length, which 
tend to turn downward into a long, depressed beak, somewhat like that of 

•The «peclflc name tUixcalcr la suggested to the author by Dr. W. I). Matthew in refer- 
ence to the locality in Mexico, Tlnscala. 

XI — Bull. Geol. See. Am., Vol. 29, 1917 
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Dindtherium, in which the lower canines are laterally compressed, whereas 
in all the longirostral bunomastodonts the lower canines are vertically com- 
pressed. 

All the«e hunomastodontUur are very readily distinguished from the typical 
Mastodont%na\ a line which is relatively conservative in Its evolution, since tlie 
'^intermediate*' molars remain trilophodont and the crests only feebly develop 
the intermediate cones, or trefoils. Singularly enough, the supposed north 
Asiatic ancestors of this phylum are not known. It first appears in the M. 
borsoni of the Pliocene of Europe. 

The Stegodontin(r may be distinguished as a phylum confined to Asia, Id 
which the grinding teeth remain brachyodont, short-crowned, although a very 
large number of cross crests evolve, especially on the posterior grinding teeth. 
From an early member of this subfamily, perhaps of Middle Miocene time, 
were given off one or more branches of the elephant and mammoth phyla. 

Rhynchotherium from Mexico. — Extract of letter from Doctor Falconer to M. 
Itartet, September 12, 1856:^ "At G^ioa I saw a cast of a large lower Jaw of a 
mastodon from Mexico, with an enormous hec abruptly deflected downwards 
and containing one very large lower incisor. The beak \b much thicker than 
In if. (Trilophodon) angutlfidens and larger than In M. (Tetralophodon) lanffi- 
rostris. You know that every one (Laurillard, Gervals, etc.), have Insisted on 
the absence of the lower incisors from both of the South American species. 
The outline of the jaw resembles very much the figure In Aldde lyOrblgny's 
Voyage, described by Laurillard as M, andium. The specimen is unpublished 
material and I was therefore only allowed to examine it very cursorily. The 
Genoese paleontologists had provisionally named it Rhynchotherium, from the 
enormous development of the beak, approaching Dlnotherium." 

The arrangement of the elephant and mammoth phyla is not clear at present, 
although It appears that four distinct subphyla developed. The first, to which 
the generic name Loxodonta applies. Includes the Pleistocene and recent ele- 
phants of the African type, which by Falconer and other students of Asiatic 
forms are supposed to be related to the L. namadicus of the Lower Pliocene of 
the Siwaliks. The next phylum, Euelephas, by consent of all leading Bnropean 
authorities, begins with E. pianifrons of Asia and Europe, Middle Pliocene. 
It Includes E. hysudricus of the Upper Pliocene, passes into the E. meridionalU 
and'/?, trogontherii of the Lower Pliocene, and thence Into E. primigenitM, the 
woolly mammoth. 

From a Middle Pliocene form. In a stage of evolution similar to that of E. 
planifrona. It is possible that the peculiarly American mammoths E. columbi 
and /v'. impvrator may have lu^en given off as a side phylum, but this is not 
yet determined. This leaves the typical elephant, E. indicus, as a related 
phylum, the ancestry of which has not yet been determined. 

Thus the Proboscldea divide Into at least six great phyla, to which the sub- 
family designations Elephantinw, EuelephantincR, Loxodontinm, StegodonHnct^ 
Mastodontin<r, BunomastodontitKe, may be given. There are also some reasons 
for separating the bunomastodonts Into three phyla, which might be known as 
the Longirostrinw, Rhynchorotftrinw, and Breviro8trin(r, but this may be s 
somewhat premature opinion. 



^^ Charles Murchlson : Paleontological Memoirs and Notes of the Late Hugh Falconer, 
A. M.. M. D. 2 vols., 8vo. London, 1868. vol. II, pp. 74-76. 
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This discrete and profuse subfamily arrangement would be shocking to a 
"lumper" like our late colleague and honored friend, Dr. Richard Lydekker, 
who combined'^ all the mastodons and elephants into two genera, namely, 
Mastodon and Elephas. The application of suhfamUy names to these mono- 
phj'^letic, or similar polyphyletlc ascending series, is considered preferable to 
the coining of a new taxonomic term. 

The propriety of thus applying subfamily terms Is disputed by some pale- 
ontologists, notably by my colleagues, W. D. Matthew and W. K. Gregory. 
The subfamily termination, ince, may, in the author's opinion, be adopted with- 
out any real exaggeration to express the fact that many of these phyla have 
been distinct and separate from each other for enormous periods of geologic 
time. This is real hereditary relationship in the family or subfamily sense. 
For example, it may be shown that the longirostral bunomastodont phylum 
began with Palwomastodon of the Upper Oligocene, and that this animal was 
already too specialized as a longirostral bunomastodont to constitute the an- 
cestor of any other phylum than its own. This main longirostral phylum is 
geologically the oldest and phylogenetically the most complete. It illustrates 
one general law of mammalian evolution, namely, that a phylum haying spe- 
cialized in a certain character usually tends to evolve this character to an 
extreme; the long jaw of PaUeomaittodon goes on lengthening until in Lower 
Pliocene time it attains the great len^h observed in the forms recently de- 
scribed by Barbour^ as Eubelodon morriUi, Megabelodon lulli. 

In this longirostral phylum, as well as in the brevirostral bunomastodonts, 
the question of the application of the generic nomenclature of Linmeus is cer- 
tainly a most puzzling one. Thirteen distinct generic names have been pro- 
posed for the longirostral bunomastodonts and six distinct generic names for 
the brevirostral bunomastodonts. 

Several puzzling questions arise: first, how many generic names can con- 
sistently be ai^lied within each of these phyla ; second, which generic names 
in the long list shall be given precedence ; third, shall the law of the technical 
priority of a name prevail, or shall we recognize only the priority of the first 
clear definition and conception of a genus which is based on one or more defi- 
nite and clearly described characters of its genotypic species? 

This whole question has been raised in the previous communication to the 
Paleontological Society by Doctor Matthew.^ I am disposed to reconunend 
that certain well defined generic names may, after due consideration, be 
adopted by the Paleontological Society as nomAna servantur. The selection 
of these names will be greatly facilitated by a true phylogenetlc classification 
of the Proboscidea, to which the present outline is preliminary. 

At 12.30 the Society adjourned for luncheon. 

CONTINCATIOX OF SYMPOSIUM 

At 2 p. m. the symposium was resumed, with the reading of a paper 
on the Mesozoic history by Doctor Stanton entitled 



^ Richard Lydckker : Catalogue of the Fossil Mammalia In the British Museum (Nat- 
ural History). Pt. IV, The Order TTngulata, Suborder Proboscidea. 8vo. liondon. 1886, 
pp. xxir, 233 (1). 

« B. H. Barbour : Op. cit. 

« W. D. Matthew : Op. cIt. 
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MESOZOW lIlfiTORY OF CENTRAL AMERICA AND THE WEST INDIES 
BY T. W. STANTON 

Discussion of this paper was deferred until the last one of the series of 
invertebrate paleontology was presented by the author, Doctor Vaughan. 

CENOZOIC HISTORY OF CENTRAL AMERICA AND THE WEST INDIES 

BY T. W. VAUOHAN 

A general review of the problems connected with the history offered 
by invertebrate paleontology was brought out in the discussion of these 
papers, which occurred at this point. Prominent among the speakers 
were Messrs. Holland, Osborn, Vaughan, Merriam, Matthew, and Grabau. 

The evidence on this history offered by vertebrate paleontology was 
given in the two following papers, discussion again being deferred: 

RELATIONSHIPS OF THE MESOZOW REPTILES OF NORTH AND SOUTH 

A ME RICA 

BY 8. W. WILLISTON 

AFFINITIES AND ORIGIN OF THE ANTILLEAN MAMMALS 
BY W. D. MATTHEW 

This portion of the symposium called forth still more discussion, in 
which Messrs. Merriam, Matthew, Osborn, Eigenmann, Grabau, Willis- 
ton, and Price participated. During this discussion, Doctor Eigenmann 
was requested to give the evidence afforded by the fishes. His remarks 
entitled as below were highly interesting and appreciated. 

FRESH-WATER FISH FAUNAS OF NORTH AND SOUTH AMERICA 
BY O. 11. EIGENMANN 

In this discussion Doctor Grabau mentioned the work and results of 
Graham J. Mitchell on recent changes of level in Porto Rico. 

EVIDENCE OF RECENT CHANGES OF LEVEL IN PORTO RICO, AS SHOWN BY 
STUDIES IN THE PONCE DISTRICT^ 

BY (JRAHAM JOHN MITCHELL* 

( Abstract) 

With the Inaujjiiration of the Natural Illstorj' Survey of Porto Rico, uDder 
the joint auspices of the New Yorlv Arademy of Sciences and the Insular Gov- 



1 n.v permission of the Porto Rico Committee of the New York Academy of Sciences. 
Ueport on the geology of the Ponce district In proparation. 

2 Introduced by A. W. Grabau. 
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emmeDt of tlie Island, a stud^' of tbe geolos>' of the regiou was undertaken 
as one phase of the investigations. The first geological part3' to enter the 
field consisted of Doctors Charles P. Berkey and Clarence N. Fenner, wha 
daring tbe summer of 1914, completed a reconnaissance of the island. Since 
that time an average of two parties a year have been sent into the field. 

In his re|>ort* Doctor Berkey noted the occurrences of terraces l(K> to 2m) 
feet above the present sealeveh particularly on the south coast near Guayama, 
and attributed their origin to wave action. Subsequent investigators have 
substantiated this conclusion. Mr. A. K. Lobeck. however, after a study of the 
physiography of the island, concluded that there has been only a slight differ- 
ential uplift of the western end of Porto Rico in very recent time, the maxi- 
mum change being at Hinit>n, on the west coast, where an elevation of 40 feet 
occurs. 

During the imst summer a survey of the southwestern quarter of the island 
was made by the writer, that section being one which appeared favorable to 
the solution of the question of recent changes of level in Porto Rico. The 
evidence gathered in this study is summed up as follows : 

1. One- half mile southwest of Juana Diaz, on the north bank of the Jacu- 
guas River, the folder Tertiary be<ls are beveled and a deiiosit of silt, wind, 
and gravel 2 to 12 feet thick covers the surface. In this surface covering, 
at an elevation of 130 feet, are found numerous Stromhus pugiUi<. 

2. At kilometer 72.5 on the Ponce-Penuelas road recent marine fossils are 
found in finely stratified material of estuarine character. In this deiK>sit n 
layer of black mud averaging one foot in thickness occurs at a depth of from 
2 to 5 feet below tbe surface. In this black mud are found 8trombu» pugilis, 
Lucina jamauensis, Lm-ina tiffrina. Area tuberculosa, and Byititoarca zicbra. 
These fossils are also found in other parts of this deiwsit. the elevation of 
which is 180 feet 

3. Across the west branch of the Canas River, Just east of the al)ove locality, 
the same species of fossils which occur at locality **2*" are found in the strati- 
fied sands and gravels at a depth of 3% feet below the surface and an eleva- 
tion of 160 feet. 

4. Southeast of Yauco, \\i miles, in the Rio Yauco Vtilley, abundant fossils 
are found in the surface covering of the river valley at an elevation of 150 
feet The fossils include Murex elongatus. Area rhotnbea, Lucina Hurina, Area 
tuberculosa, Turritella imbricata, Pecten nucleus, Venus cancellata, Oslrea 
virginica, and Ferna sp. 

5. Efkst of Yauco, one-eighth of a mile, the pre-Tertlary rocks are truncated, 
and in the gravel and sand which mantels the beveled strata are found Area 
tuberculosa and Lucina tigrina, occurring at depths of 1 to 2 feet below the 
surface. The elevation at this point is 200 feet. 

6. On the coast southeast of Yauco a terraced surface bevels the Tertiary 
limestone at an elevation of 60 to 160 feet, the inner margin being marked in 
places by clifling. The following fossils are found on this surface: Strombrux 
aceittrinna, Fissurella nodora. Area rhombra, and Turbo pica. 

7. Just north of the lighthouse at Guanica the Tertiary limestone is beveled 
by terraces at levels of 10, 50, and 150 feet, and in the surface soil on the two 



•Geological reconnalHHHni'e of Torto Ulco. Annals N. Y. Academy of Srlonces, vol. 2(». 
1016. 
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Upper terraces are found Area tuherculo^aj Lucina tigrina, and Turlfo pica. 
On the 10-foot level large numbers of these fossils are found in the lime, sand, 
and silt which coats this terrace. 

8. East of Gnanica, one-eighth of a mile, on the east side of the Susua Valley, 
a terrace at an elevation of 60 feet contains in the surface material the forms 
Lucina jamaicensis. Area tuherculosa, and Turho pica. 

9. At the town of Ensenada (Central Gnanica), the pre-Tertiary is trun- 
cated and a deposit of shells, muds, silt, and sand covers the surface to a maxi- 
mum depth of 6 feet The fossils occur at an elevation of 45 feet and include 
the following : Murem elongatug, Isophyllia sp., Venus cancellata. Operculum of 
Turbo, Area rhotnbea, CerWiium Utteratum, 0%trea virginica, and Byssoarca 
ziebra. 

10. On the south side of Pardas Bay, south of Ensenada, the Tertiary lime- 
stone is again terraced. Its elevation being 65 to 100 feet, and the fossils Area 
rhomhea. Area tuberculosa, and Lucina jamoicensis are found buried in the 
surface soil. 

11. On Cape Rojo, in the southwest comer of Porto Rico, the San Juan for- 
mation, which has been interpreted by Doctor Berkey as a limesand of dune 
origin, is found at an elevation of 75 feet overlain by 3 feet of conglomerate 
consisting of well rounded pebbles. In the San Juan formation occurs a OontM 
very close to the recent form Conus porto-ricanus. 

12. On Aguilla Point, the extreme southwestern portion of the island, recent 
gastropod shells are found in consolidated gravels at an elevation of 11 feet 
At an elevation of 25 feet they occur on the beveled surfaces of the rocks which 
make up this point 

18. Three and three-quarters miles southwest of Mayaguez, on the coast near 
the reform school, a terrace is cut on the pre-Tertiary rocks at an elevation of 
50 feet The inner margin is marked by diffing, and the following fossils are 
found in the surface soil : Area tuberculosa, Venus cancellata, and Lucina 
jamaicensis. 

The argument has been advanced by Mr. Lobeck that wher^ recent fossils 
have been found in Porto Rico they are associated with Indian mounds. Such 
an Interpretation, however, could not explain the existence of recent shells 
buried in stratified material of estuarian character at depths of from 2 to 5 
feet Furthermore, although in each of the 13 localities cited above the writer 
made careful search for artifacts, in no instance was evidence found to sub- 
stantiate the Indian mound theory. 

Based on the evidence presented in the 13 above-mentioned cases, the writer 
draws the following conclusions : With the recent changes of level of land and 
sea the old river valleys were embayed, allowing the sea to enter with its 
marine fauna and to lay down deposits of sand, silt, and mud. That these 
deposits (for example, localities No. 1. 2, 3, 4, 5, 8, and 9) were laid down 
In Quaternary time is evidenced by the fact that over 96 per cent of the fossils 
are of the same species as those living at the present time in the adjacent sea. 

In the remaining instances (6, 7, 10, 11, 12, 13) the truncation of the under- 
lying beds of limestone and other formations along the south and west coasts 
and the presence of clifllng at the inner margins of some of these terraces, to- 
gether with the recent fossils found on the surface, are facts hard to explain 
If they are not in some way connected with the work of the sea. 
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In considering the question, Which has been the shifting element, the land 
or the sea? the evidence indicates a change in the elevation of the land. If 
the sealevel had varied, one should find some uniformity In terrace levels at 
particular stages. Such uniformity does not exist. In summing up the con- 
clusions the writer feels justified in stating that there has been differential 
uplift of the land in Porto Rico in recent time, with a maximum change of 
200 feet. 

PRESENTATION OF PAPERS 

After the completion of the symposium, the hour for adjournment not 
having arrived, the reading of papers was resumed with the presentation 
of an interesting account of the great confusion prevailing in the nomen- 
clature of the Proboscidea. As a result of this paper, it was voted by the 
Society that the President should appoint a committee to consider the 
geueric nomenclature of the Proboscidea and other groups of mammals 
and to report its recommendation at the next meeting. Doctor Matthew 
was appointed chairman of this committee. 

GESERir SOMESCLATURE OF THE PROBOSCIDEA 
BY W. D. MATTHEW 

{Abstract) 

The nomenclature of the extinct Proboscidea is In a state of fearful con- 
fusion. Partial attempts to apply the rules of strict priority have made matters 
worse, and a consistent application of the rules will apparently result in setting 
aside every one of the names In current use, but the proper substitute names 
would require a whole series of arbitrary or questionable decisions. As it is 
wholly improbable that such substitute names would be uniformly, or even 
generally, accepted, and as the object of nomenclatorlal procedure is to secure 
uniformity, the writer proposes that certain of the current names be sub- 
mitted as nomina comtervanda to the committee of the International Zoological 
Congress with the Indorsement of the Paleontologlcal Society. 

At 6 p. m. the Society adjourned. 

Tuesday evening the members and invited guests attended the annual 
dinner of the Society at the University Club. 



Session of Wednesday, January 2 

Wednesday morning, at 10 o^clock, the Society met in general session, 
with Vice-President Matthew in the chair. 

REPORT OP THE AUDITING COMMITTEE 

The only matter of business on hand was the report of the committee 
to audit the accounts of the Treasurer. The committee, attested to the 
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correctness of these accounts, and it was tliereupon voted by the Society 
that the report be accepted. 

PRESENTATION OF PAPERS 

The first paper of the morning was an interesting account of the Cre- 
taceous strata of northwest Europe as interpreted from the fossil sponges. 
This was presented by the author and illustrated with a number of dia- 
grams. It brought forth considerable discussion, in which Messrs. Beeds, 
Grabau, Merriam, Dickerson, and Holland took part, with replies by 
Miss O'Connell. 

CRETACEOUS OVERLAPS IN X0RTHWE8T EUROPE ASD THEIR BEARING ON 
THE BATHYMETRIC DISTRIBUTIOy OF THE CRETACEOUS SILfCISPONGIAS 

BY MARJORIE 0*CONNELL 

(Abstract) 

While studying and arran^ng a eoHeetion of over a thousand siiecimens of 
Ci-etaeeous Silicisrwngiie in the American Museum of Natural History, the 
author was led to consider the lithic character and areal distribution of the 
sediments in which these fossils were found and the problem of the bathj'metrio 
range of Euroi)ean Cretaceous Siliclspongiie. The bathymetrlc ranges of Cre- 
taceous species which have persisted to the present time will be given and there 
will be a brief discussion of the <*ouclusions which it Is i)ermissible to draw 
from such data. The significanre of the overlaps of the sponge-bearing and 
other Cretaceous strata of Europe will be considered and the value of tlie 
lithogenetlc method of study in the determination of habits of ancient organ- 
isms will be dwelt on. 

The next paper, whidi was amply illustrated by very clear and inter- 
esting lantern slides, was of especial interest on account of dealing with 
the region considered in the symposium. It was presented by the author, 
who replied to discussions by ^Icssrs. Burling and Matthew. 

\EW BATHY METRICAL MAP OF THE WEST INDIES REGION 
BY CHESTER A. REEDS 

(Abstract) 

During 101(> all of the Hydrographic and Coast and Geodetic Survey charts 
bearing on the West Indian region were assembled and, with chart 1290 as a 
base, all soundings were plotted. The one-hundredth fathom line was then 
drawn, also the five hundredth, and with a contour interval of 500 fathoms 
successive depths were sketched down to 4,500 fathoms. The result is a con- 
tour map somewhat different from its preilecessors. When modeled on a glol»e 
surface the features of tlie submarine topography are even more striking. 
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Doctor Grabau then presented a study of one of the factors in faiinal 
development, which brought forth considerable discussion from Messrs. 
Reeds, Parks, Williston, Matthew, Ortman, Merriam, and Bassler. This 
paper was illustrated by paleogeographic maps showing the development 
of North America in Silurian and Devonian times. 

ISOLATION AS A FACTOR I\ THE DEVELOPMEST OF PALEO/AiW FAUNAS 
BY AMADEUS W. GBABAU 

(Ah^ract) 

Whenever a portion of a oosiiiopolitinn fauna is segre^^ated in nu embay ment 
of the Red Sea type, the segregated fauna being in large measure prevented 
from intercrossing with the main stock, and so remaining true to type, develops 
orthogenetieally into a modified fauna which, when once established, remains 
true to the new type and frequently thereafter becomes a dominant one. The 
faunas which it is believed have thus come into existence are, among others, 
the Brassfield fauna of the Slluric, the Helderbergian fauna of the Lower 
Devonie, the eastern Michigan and Ontario Upper Hamilton fauna, and the 
Ithaca fauna. Illustrations of these will be given. 

At 12.30 the Society adjourned for luncheon. 

At 2 p. m. the members were called to order by Vice-President Grabau, 
who announced that by curtailing the longer papers somewhat separate 
sessions would not be necessary to complete the program. 

The first paper of the afternoon session was presented by the Secretary 
for the author and dealt with new discoveries in the early Paleozoic rocks 
of Alaska. 

AN ORDOVICIAN FAUNA FROM SOUTHEASTERN ALASKA 
BY EDWIN KIRK 

(Abstract) 

The oldest fossil if erous sediments hitherto known in southeastern Alaska 
were of Silurian age. The discovery last season of early Ordovician sediments 
is therefore of considerable interest. 

Extending along the shore for a (considerable distance to either side of the 
town of Wrangell is a great series of highly metamorphosed sediments. These 
consist almost entirely of greenstones, crystalline schists, and argillites. A 
block of fossilif erous slate was found near Wrangell by I*rindle some years 
ago. These fossils were reported by Glrty as l>elng anything from Devonian 
to Recent in age. If Paleozoic, he suggested that the age was probably De- 
vonian or Carboniferous. The fo.ssils were in a very poor state of presenta- 
tion, and the prevailing opinion has been that the block of slate was an erratic. 
The beds at Wrangell have generally been assigned to the mainland lielt of 
supposed Carbonlferous-Mesozoic, that ranges from the Ketchikan area at the 
sonth to the .Tuneau and Chilkat areas at the nortli. 
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Ou the point foiiniiiK the south side of Wrangell harbor, graptolltes werp 
found that seem to fix the age of this Wrangell series. The graptolltes aie 
found both in slate and schist. The slate specimens are unr(^H>gnizabIe nnless: 
one knows they are graptolltes to begin with. The specimens oocurrinp in 
the schist, though badly preserved, are easily recognizable as graptolltes. and 
the generic affinities of one individual may be determined with a fair degree 
of certainty. 

The specimen of chief importance and Interest is referred with little doubt 
to Tetragraptus, It Is very like a large species known in the early Ordovidan 
of Idaho. Other specimens not so well preserved strongly suggest PhyUo- 
graptuB. These fossils clearly point to the Beekmantown age of the sediments. 

( )n Long.Island and on Dall Island, on the southwest coast of Prince of Wales 
Island, are schistose sediments similar to those at Wrangell. They are even 
more metamorphosed than the Wrangell series where I saw them, and It se^as 
doubtful if fossils would be preserved in them. They may well be of the sami* 
age, however. These beds fall in Brooks Wales series. As defined, the Wale? 
series also probably included rocks of Silurian age. 

Aside from establishing the presence of Ordovician sediments in southeastern 
Alaska, this find is of interest as throwing in doubt the generally accepted 
views as to the age of the mainland belt of sediments west of the Coast Bange 
batholith. It has generally been assumed that this belt was of Carboniferous 
Tiiul Mesozoio age, with the Mesozoic as the more important element. It wil^ 
probably be found that, in addition to the Carboniferous and Mesozoic, which 
are undoubtedly present at some points, all the Paleozoic elements elsewhere 
known in southeastern Alaska are represented in this coastal belt 

A brief summary of an extensive paper on tlie extinct Camelidae was 
then presented by the author and was discussed by Messrs. Peterson and 
the author. 

AFFINITIES A\I) PHYLOOENY OF THE EXTINCT CAMELIDJE 
BY W. 1). MATTHEW 

(Ah^ract) 

The author has in preparation a revision of the extinct Camelldse, prelimi- 
nary results of which are presented. The relationship of the supposed Eocene 
ancestors of the Camelida* is discussed, but they are not Included in the family. 
The North American genera and species are revised and their relations are dis- 
cussed. They afford exceptionally direct phyla from Ollgocene to Pleistocene, 
with two distinct side branches, the girafTe-camels and gazelle-camels, and 
several minor twigs. The Old World camels belong to the genera PUauchenia 
and Catticlus, the latter not found In America, and are of Pliocene to recent 
age. The South Auierican camels form a compact group of two closely related 
genera, Palirolama and Auchenia, and are of Pleistocene and recent age. Their 
nearest North American relatives are the smaller species of Gamelops (Pleisto- 
cene), and they are doubtless derived from Pliauchenia, but not from any 
known species. 
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The two following papers on the stratigraphy and paleontology of the 
Canadian Cordillera were presented together by Mr. Burling, who illus- 
trated ihem by diagrams and maps. Besults of this stratigraphic work 
by Mr. Drysdale and Mr. Burling, the former of whom lost his life in 
this field-work, were discussed by Messrs. Parks, Qrabau, and Burling, 

ROCKY MOUXTAINS SECTION IN THE VICINITY OF WEITEMAN8 PASS 
BT C. W. DBYSDALE AND L. D. BTTRLING 

i Abstract) 

This paper will describe the results of the fatal reconnaissance trip under- 
taken by the late Mr. Drysdale and the writer during the early part of the 
last field season. 

The line of section begins west of Cochrane, Alberta, and proceeds in an 
almost straight southwesterly direction across Whitemans Pass to a point on 
the Kootenay River east of the Windermere mining district of British Oolumbia« 

The region traversed by the section, which crosses the strike of the rocks, is 
broken into a series of longitudinal blocks, each shoved over its neighbor to 
the east and all more or less similarly tilted. The fossils secured show the 
thrust-faults between to be of large magnitude, but they coincide so largely 
with the valleys and with the strike and the local folding in their vicinity is 
so subordinate that the presence of faulting has not been recognized. Dawson 
is the only geologist who has made a previous crossing. 

FURTHER LIGHT ON THE EARLIER STRATIGRAPHY OF THE CANADIAN 

CORDILLERA 

BT LANCASTEB D. BURLING 

(Abstract) 

This paper will deal with some of the more important of the discoveries of 
the 1917 field season. 

New evidence was secured bearing on the question of the age relationships 
of the Ix)wer Cambrian and Beltian rocks of British Columbia, Alberta, and 
Montana. 

Careful search in the so-called "Castle Mountain" limestones at the head of 
Xyaek Creek, Montana, yielded abundant casts of salt crystals, but no fossils. 
Their Siyeh age is almost unquestioned. 

The Mount Robson region was visited and collections secured from many 
horizons, all the Cambrian and Ordovician formations above the lowest quartz- 
Itic sandstones being represented. Many doubtful points in the stratigraphy 
were cleared up — such, for example, as the true position of the Extinguisher 
("Billings Butte") fauna, etcetera. Evidence secured would seem to indicate 
that while the Callavia and Olenellus zones are hardly to be separated as such 
In this region, Callavia does appear alone in the section first, later mingles 
with Olenellus, and finally disappears, leaving Olenellus alone. 

The Atbertella fauna was traced to the north, south, and east and further 
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collections secured from the horizon itself and from the rocks immediately 
al>ove and l)elow. 

The Cambro-Devonian boundary was examined in numerous places, with the 
following results : On Roche Mlette the Devonian has been described as sepa- 
rated from the Cambrian (in which the highest fossils now appear to be' of 
Middle Cambrian age) by a series of beds tentatively referred to the SiluriaiL 
Further collections from these rocks appear to place them in the Devonian. 
In North Kootenay Pass the Middle Cambrian is separated from the Devonian 
by many hundreds of feet of apparently unfossiliferous strata. In the Beaver- 
foot Range near Golden the Devonian is absent, but the section includes sev- 
eral thousand feet of fossillferous Upper Cambrian and Ordovician, up to and 
Including the Richmond, east of Lake Mlnnewanka, and In the Sawback Range 
and upper Columbia I^ke sections the Devonian rests on a series of beds 
whose fauna Is comparable in many respects with that of the Ozarkian. 

Many additional specimens of Triassic (?) fish were secured from the fish 
locality discovered in 1915 in the "Jurassic fault block" near Massive, west of 
Banff, Alberta. 

Additional collections were made from the fossil locality discovered by Mr. 
Drysdale in the Laurie Metargilllte near the I^aurie mine, west of Glacier. 
These are limited to crinoid stems, but appear to indicate that the I^aarie 
Metargilllte is l^pper Paleozoic in age. 

Additional collections were secured by Mr. Bancroft and the writer from 
the general horizon in the Slocan series containing the doubtful fossils firrt 
discovered by Messrs. Drysdale and Bancroft in 1916. These have been exam- 
ined by Mr. Kindle, who rei>orts that they appear to be of Pennsylvanian age. 

Professor Williston followed with a paper on the evolution of vertebra, 
which was illustrated by numerous lantern slides and discussed by Doctor 
Merriam. 

EVOLUTION OF YERTERRJE 
BY 8. W. WILLISTON 

(AUtract) 

The evolution of the holospondylous vertebra from the primitive embolom- 
eroas type is shown in the gradual decrease in size of the hypocentmm in 
the caudal vertebrse of the rhachltomous amphibians and the atlas of primitive 
reptiles to a wedge-shaped form not much larger than the dorsal Intercentni 
of primitive reptiles and by the corresponding increase in size of the embolom- 
erous disklike pleuroceutrum into the body of the centrum of the primitive 
reptiles. It Is evident that the rhachltomous amphibians have no immediate 
ancestral relationships with the reptiles, which must have sprung directly 
from the Embolomeri, probalily In Misslsslpplan times. 

A second interesting paper on vertebrate paleontology, dealing with the 
paleopathology of vertebrates, was presented by Professor Williston for 
the author. This paper, which was likewise well illustrated with lantern 
slides, was discussed by Messrs. Williston, Merriam, and (trahau. 
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DISEASES OF THE MOt^ASAUHfi 
BY BOY L. MOODIE 

(Ahatraet) 

During the Cretaceous, diseases of animals reached a maximum of develop- 
ment In the mosasaurs, dinosaurs, pleslosaurs, and their associates. The num- 
ber of diseases Icnown to have afflicted these animals are numerous and varied. 
Some of them are apparently identical with the diseases of animals and man 
today. Others have probably l)ec*ome extinct with the ract» of animals which 
they afflicted. The diseases of the mosasaurs may be taken as an example of 
the diseases of the Cretaceous. Their Importance may be seen from the graph 
showing the general geological development of disease. The diseases which 
afflicted the mosasaurs, such as caries and pyorrhea, wore common in geolog- 
ical time. Others, such as periostitis and necroses, are not so common, but are 
evident in the group. The paper will be Illustrated by lantern slides showing 
examples of diseases of the mosasaurs. 

(This paper Is not to l>e published separately, but Is a part of a monograph, 
under preparation, on ''Paleopathology, a study of the antiquity of disease.") 

A paj3er dealing with the paleobotairic side of paleontology was next 
presented by the author, who illustrated his remarks with a number of 
especially well preserved specimens. 

REPORT ON A COLLECTION OF OLIOOCENE PLAST F08i^IL8 FROM MONTANA 

BY O. E. JENNINGS 

(AMtraci) 

A reiH)rt on a colle<*tion of al>out two hundred leaf-imprcssions collected a 
few years ago by Mr. l^]arl I)ouglass» mostly from the White River bods jiear 
Missoula, Montana, and now in the Carnegie Museum. 

The .si>ecimens arc in a fine volcanic ash and are excellently preserved. 
There are fourteen sikk-Ics represented, ftve of these being conifers, the re- 
mainder l>eiug broad-leaved trees, with the exception of a fragment of a leaf 
of a sedge. The mo.st abundant spwies is Carpinus grandia ITnger, other com- 
mon species being T a sodium duMum (Sternberg) Heer and a ^^cquma closely 
related to 8. couttsi(r Heer. Among notable species for North .\merlca are 
Chama'cyparis ehrensicardi Heer and Thiiyopsis ffracilis Heer. 

There was then presented l)y the author and discussed by Doctor 
^latthew the following pai)er, illustrated by lantern slides: 

NEW TILLODONT I^KVLL FROM THE HUERFANO HASJN, COLORADO 
BY WALTER (5RAN(JER 

{AbMtract) 

Our knowledge of the skull and dentition of the large Middle Eocene Tlllo- 
donts has previously been derived almost wholly from a single si)ecimen from 
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the Bridger Basin and preserved in the Marsh collection at Yale. While mak- 
ing a preliminary examination of the Huerfano Basin In 1916 the author 
secured a nearly perfect skull and jaws of one of these forms. This new si)ed- 
men appears to be generically distinct from Tillotherium of Marsh and close 
to Leldy'8 Trogosua, a more primitive form from the Lower Bridger, in which 
the second pair of incisors in the lower jaw is still present A study of the 
new Tillodont and associated material from the uppermost Huerfano leads to 
the belief that this horizon is slightly older than the Lower Bridger. 

The following two papers on the invertebrate paleontology and stratig- 
raphy of the West Coast were combined into a single paper by their 
author, who illustrated his discussion with diagrams. These papere were 
discussed by Messrs. Matthew, Grabau, Bassler, and Miss O'Connell. 

MOLLUSC A OF THE CARRIZO CREEK BEDS AND THEIR CAR IB BE AX 

AFFINITIES 

BT BOY E. DICKEB80N 

(Ahsttract) 

The fauna obtained from the Tertiary beds near Carrizo Creek, San Diego 
County, California, have yielded several unique echinoids and corals. The 
echinoids were described by Doctor Kew two years ago, but unfortunately he 
did not obtain any direct faunal connection with other Tertiary horizons. 
During the past year Dr. T. Wayland Vaughan described the corals obtained 
from these beds and he recognized the Caribbean affinities of these forms, and 
from this study concluded that the beds were Pliocene in age. The mollnsca 
obtained by Kew, Buwalda, and English confirm Vaughan*s conclusions con- 
cerning the Caribbean affinities of this interesting group of marine inverte- 
brates. Several species appear to be identical with forms which are charac- 
teristic of the Gatun formations of Miocene age. 

PROPOSED CORRELATION OF THE PACIFIC AND ATLANTIC EOCENE 
BY BOY E. DICKERSON 

(Ah^ract) 

Identical species, similar stages of generic evolution, and the mutations of 
Vrnericardia planicosta all show a much stronger relationship of the Tejon 
group to the three lower formations of the Gulf province — the Midway, Wilcox, 
and Claiborne — than was suspected. TeJon time was long and was probably 
equivalent to Midway (in part, at least), Wilcox, and Claiborne eons. The 
Jackson may be represented by the upper portion of the rhyolitic tuffs, the 
clay rock of Turner. 

This study confirms and modifies somewhat the former conclusion "that the 
Martinez is not only equivalent to a portion of the Midway, but represents a 
still earlier stage of the Eocene as well." The generic relations between the 
Tejon and Midway are so close that it seems probable that they are correla- 
tive, at least in part Possibly the Martinez is the marine equivalent of the 
Puerco and Torrejon of New Mexico — that is, Paleocene. 
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Xew occurrences of glacial deposits in the Paleozoic rocks of southeast- 
ern Alaska were described in the next paper, which was presented for the 
author by the Secretary and illustrated by specimens. 

PALEOZOIC OLACIATION IN SOUTHEASTERN ALASKA 
BY KDWI.\ KIRK 

(Ahiffract) 

Paleozoic glaciation has not hitherto been recognized in Alaska. During the 
past field season a tlUite of Silurian age was found In southeastern Alaska. 
Fairly conclusive evidence of Permo-Carbonlferous glaciation was also secured. 
Conglomerates in the Devonian suggested the possibility of glacial beds In 
that period, but owing to lack of time and unfavorable weather conditions It 
was not possible to secure either positive or negative evidence as to their 
origin. The best exposures of the Silurian glacial beds seen were on Hect?tji 
Island, although good outcrops are to be found on the south shore of Kosciusko 
Island, about 15 miles to the north. Apparently the same beds occur along 
El Capltan passage between Kosciusko and Prince of Wales Islands. At the 
north end of Kulu Island, some 125 miles to the north, a boulder bed holds the 
same stratlgraphic position and I believe represents the same glacial deposit 
Kosduako and Heceta Islands, where the best Silurian glacial deposits are to 
be found, lie between 55° and 60° north latitude and 133° and 134° west longi- 
tude. These islands are situated on the west coast of Prince of Wales Island, 
toward the northern end. 

The most favorable locality for an examination of the conglomerate is in 
the large bay about midway on the north shore of Heceta Island. The coast 
here is well protected from storms and there is a continuous outcrop of the 
limestone underlying the conglomerate, the conglomerate itself, and the over- 
lying limestone. In places the conglomerate is well broken down by weather- 
ing, making the collection of pebbles and boulders an easy matter. As exj[)osed, 
the beds outcrop along the 3hore between tide and levels and give an outcrop 
perhaps 2,000 to 3,000 feet in length. 

The glacial conglomerate is under- and overlain by fossiliferous marine 
limestones. The succession of beds is clearly shown and unmistakable. The 
same relations can even more clearly be seen on the bold cliff at the east end 
of Heceta Island as to the upper limit of the conglomerate. The relations of 
the conglomerate to the underljrlng limestone are well shown on Kosciusko 
Island. The strata as a whole in this region are badly disturbed and, as is 
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the case throughout southeastern Alaska, contacts are very poorly shown, 
being, as a rule, indicated by an indentation of the shoreline and a depression 
running back into the timber. At present, therefore, although the relative 
positions of stratigraphic units are obvious, the character of the unconformity 
and the nature of the passage beds are poorly known. 

The limestone series overlying the conglomerate carries a rich Conchidium 
fauna. In certain thin beds the rock is almost wholly made up of the brachio- 
pods. This fauna appears to be identical with that of the Meade Point lime- 
stone of the Wrights and Kindle. The type exposure of the latter is at the 
northern end of Kuiu Island. At the base of the limestone at this locality is 
a boulder bed which I believe to be glacial in origin and to be correlated with 
the conglomerate of Heceta. The limestones below the conglomerate likewise 
carry a rich fauna consisting of pentameroids, corals, and gasteropods. The 
general aspect of both faunas seems to place them as approximately late Niag- 
aran in age. 

The conglomerate itself has a thickness of between 1,00(> and 1,500 feet In 
the main the conglomerate appears to consist of heterogeneous, unstratified, 
or poorly stratified material. Rarely lenticular bands of cross-bedded sand- 
stone occur in the mass. These are clearly water laid and indicate current 
action. 

The boulders in the tillite range in size up to two or three feet in length, as 
seen. The boulders consist of greenstone, graywacke, limestone, and various 
types of igneous rocks. Limestone boulders are scarce. All the boulders are 
smoothed and rounded. Facetted boulders are numerous and, given the proper 
type of rock, characteristic glacial scratches are common. The scratches show 
best on the fine-grained, dense greenstone. Limestone boulders and certain 
types of igneous rocks do not show them at all. The shoreline is strewn with 
these pebbles and boulders, which were undoubtedly derived from the conglom- 
erate, as they are not to be found on the adjacent limestone shores. All the 
material collected was taken from the conglomerate itself, however. This is 
well broken down by weathering in some places, and the pebbles may be picked 
out with the fingers or tapped out with the hammer. When fresh the con- 
glomerate, as a rule, is massive and exceedingly hard. The lantern slides will 
give a good idea as to the character of the conglomerate and nature of the 
crops as shown on the north shore of Heceta Island. Some of the boulders 
seen are entirely free and others are still partially embedded in the conglom- 
erate. 

The nature of the deposit is such as to suggest a till. The heterogeneous 
character of the boulders, both as regards size and material and the apparent 
lack of stratification in the main, points to a true till rather than a submarine 
bed of ice-transported glaciated material. Such evidence as is at hand indi- 
cates that the Hecetii area was ver>' near the shoreline and might easily have 
been land while the glacial material was being deposited. The whole Silurian 
section, w^hich at its maximum farther north has a thickness of several thou- 
sand feet, thins out to the south and may prove to be absent at the south end 
of Prince of Wales Island. 

In Pybus Bay, Admiralty Island, and on the Screen Islands ofl^ the west 
shore of Etolln Island are conglomerates strongly suggesting glacial material. 
In both cases these overlie high Carboniferous beds which have been corre- 
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lated by Girty with the (Jschelian. Overlying the conglomerates are Middle 
Trlassic beds. Where seen, the conglomerates had not weathered down and it 
was not possible to obtain loose boulders which might show scratches. Facet- 
ted boulders occur in the conglomerate, however. It will probably be found 
that this is a true glacial deposit and to be correlated with the conglomerate 
described by Caimes near the Alaskan-Canadian boundary. A conglomerate 
similar to that described above underlies the Middle Trlassic rocks of Dall 
Head. Gravina Island, and may prove of the same age and of similar character. 

In the Stringocephalus limestone zone of the Middle Devonian small facetted 
pebbles up to 2% inches In length are of fairly frequent occurrence at one 
locality on the west coast of Prince of Wales Island. In BYeshwater Bay and 
in Port Frederick, which lie near the northern end of Chicagoff Island, some 
250 miles to the north, conglomerates occur in the Middle Devonian. Rounded 
boulders up to 2 feet in diameter were seen. They are very unlike normal 
sedimenUiry conglomerates. Should the boulders In the Devonian prove gla- 
cial, a .somewhat different origin would probably be postulated for the con- 
glomerates themselves. These are thin, ranging in thickness up to 25 feet or 
so, and would be more easily explained perhaps as consisting of berg-borne 
material, though glacial In origin. Bottoms of a similar nature are even now 
to be found in the channels of southeastern Alaska. 

Throughout the Paleozoic section in southeastern Alaska are vast thick- 
nesses of volcanic material, tuffs, breccias, and flows. Considering the sedi- 
ments as a whole, climatic conditions through the Paleozoic do not seem to 
have been very different from those of ctomparatlvely recent times and physical 
conditions may have been very nearly the same. 

Some of the results of a monographic study of American Tertiary 
Cyclostome bryozoa were presented by the junior author in the following 
paper, which was illustrated by lantern slides and specimens and dis- 
cussed by Doctor Grabau. 

PRINCIPLES OF CLASSIFICATION OF CYCLOSTOME BRYOZOA 
BY F. CANU AND R. S. BASSLER 

{Al^tract) 

Daring the preparation of a monograph on American Tertiary bryozoa the 
authors extended their study of the Cyclostome bryozoa to the Cretaceous and 
recent forms in order to arrive at some definite data for the natural classifi- 
cation of this group. As the zooecial form Is practically the same in all the 
Cyclostome bryozoa, it is Impossible to base a classification on this as Is done 
in the other groups of this class. Hitherto the classification of the Cydo- 
Btomata has been based almost entirely on the form of the colony or zoarlum, 
although It has always been realized that this was a very unnatural basis. 
The present authors Jiave found that the ovicell, the marsupium-llke organ 
which is developed on Cyclostome bryozoa, affords a natural basis of classifica- 
tion and the families and genera group themselves according to the position 
and form of this organ. 

XII — Bull. Geol. Soc. Am., Vol. 29, 1917 
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There was then presented by the author a paper on the invertebrate 
paleontology of a new West Coast Tertiary formation, which was dis- 
cussed by Doctor Dickerson, with replies by the author. 

FAUNA OF THE MEG AX 08 GROUP 
BY B. L. CLARK 

An interesting fauna of fossil vertebrates was described in the follow- 
ing paper : 

F088IL MAMMALS OF THE TIFFANY BED8 
BY W. D. MATTHEW AND WALTER (iR ANGER 

(Abstract) 

The Tiffany be<ls are a local phase at the base of the Wasatch north of the 
San Juan River, in southern Colorado. Fossil mammals were first found there 
by J. W. Gldley, on whose Invitation Mr. Granger explored the deposit In 1916 
for the American Museum. A smaU but Interesting fauna was secured there, 
regarded as of uppermost Paleocene age, equivalent to the Clark Fork beds at 
the base of the Bighorn Wasatch. The fauna Includes several new or little 
known genera of minute size, but of considerable paleontologic Interest 

A paper by President Merriam on the Pliocene of Idaho was next on 
the program, but its presentation had to be omitted because the material 
illustrating it had not arrived. 

FAUNA OF THE IDAHO TULARE PLIOCENE OF THE PACIFIC COAST REGIoy 

BY J. C. MERRIAM 

President Merriam then took the chair and called for a paper on verte- 
brate paleontology, of which the author presented an abstract. This was 
discussed by Doctor Matthew. 

REVISION OF THE P8EUD0TAPIR8 OF THE NORTH AMERICAN EOCENE 

BY O. A. PETERSON 

(Ahsftract) 

This abstract is taken from the general report on the Vertebrata of the 
Upper Eocene of the Uinta Basin, Utah, ready for publication. In this review 
Is included two new genera of pseudotapirs from the Upper Eocene. A new 
family and two new subfamilies are proposed. 

A short paper on American fossil rhinoceroses was then presented bv 
Doctor Afattlicw and discussed bv Professor Merriam. 
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NOTES ON THE AMERICAN PLIOCENE RHINOCEROSES 
BY W. D. MATTHEW 

{Abstract) 

Three genera of rhinoceroses occur In our Pliocene — Aphelops, Pcraceras, 
and Teleoceraa. They are distinct in the proportions of the skull, character 
of the horn-cores, upper and lower tusks, reduction of premolar teeth, hypso- 
donty of molar teeth, and by the proportions of limbs and feet Although 
some or all may be derived from Old World ancestry, these genera are limited 
to North America and are distinct specializations from any of the various 
rhinoceros phyla of the Old World. They became extinct apparently before 
the end of the Pliocene. 

Xew Upper Eocene mammals from Utah were then very briefly de- 
scribed by Mr. Peterson, who had prepared a much longer paper on the 
subject. 

NEW ARTI0DACTYL8 FROM THE UPPER EOCEXE OF THE UINTA BASIN, UTAH 

BY O. A. PKTERHON 

{AhHtrnvt) 

The paper is an abstract taken from the general report on the Vertebrata 
of the Upper Eocene of the Uinta Basin, Utah, now ready for publication. 

A number of new genera of the subfamily Homacodontinse are first taken 
up. Secondly, it gives a short description of an American Anoplothere and its 
relation to Diplohune of Europe. Thirdly, a brief description and complete 
restoration of a new oreodont from the Upper Eocene. And fourthly, a de- 
scription of a new Eocene hypertragulld and a review of the relationship 
between the Uinta and the Oligocene genera of the Hypertragulid». 

A paper on stratigraphy and invertebrate paleontology was next in 
order and was presented by the senior author. Discussed by Messrs. 
Dickerson and Grabau. 

MARINE OLIGOCENE OF THE WEST COAST OF NORTH AMERICA 
BY B. L. CLARK AND RALPH ARNOLD 

{Abstract) 

A general survey of the known data concerning the paleogeography, climatic 
conditions, and faunal relationships of the Oligocene as found in California, 
Oregon, Washington, and Vancouver Island. 

The marine Mesozoic and Tertiary sediments of the West Coast were, for 
the most part, laid down in broad geosynclinal troughs, the axes of which 
paralleled that of the present ranges. The Tertiary sediments accumulated in 
these slowly sinking troughs to an enormous thickness. Roughly estimated, 
there are at least 40,000 feet of sediments of Tertiary age In the Coast Ranges ; 
of this fully 10,000 feet belong to that period of time which is here referred 
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to the Oligocene. In Washington there was apparently a trough of deiMwitloD 
during the Oligocene time which extended from the Puget Sound district south 
between the Olympics and the Cascades Into western Oregon. In California 
there was one large trough of deposition which extended from the region of 
Mount Diablo, middle California, to at least as far south as the San Kmigdio 
Mountains, at the south end of the San Joaquin Valley, a distance north and 
south of over 200 miles. The axis of this trough, as indicated by the distri- 
bution of the organic shales, was in the eastern Coast Ranges. In the western 
Coast Ranges the Oligocene where present is represented by the shallow-water 
deposits ; it Is absent over large areas in this western field. 

There are two general faunas known from the marine Oligocene deposits of 
the west coast. They very probably belong to two distinct epochs of deposi- 
tion. The name San Lorenzo group is applied to the beds In which the lower 
fauna is found ; the beds from which the upper faima comes are referred to 
the Seattle group. The fauna of the Seattle group has not been determined 
In Calif omla for a certainty. The type section of the San Lorenzo is in the 
Santa Cruz Moimtalns of California. The fauna of the San Lorenzo group 
shows a closer relationship to that of the Tejon (Upper Eocene) than does 
that of the Seattle. On the other hand, the fauna of the Seattle group shows 
closer affinities to that of the Lower Miocene than does the San Lorenza 
These two Oligocene faunas show a much closer relationship to each other 
than does the one to the Eocene and the other to the Miocene. 

In the abBeiice of the author, Professor Merriam then read the final 
paper of the program. 

THE QUESTION OF PALEOECOLOGY 
BY F. E. CLEMENTS^ 

The following four papers of the program were read by title: 

NOTE ON THE EVOLUTION OF THE FEMORAL TROCHANTERS IN REPTILES 

AND MAMMALS 

BY WILLIAM H. GREGORY 

CARBONIFEROUS SPECIES OF "ZAPHRENTI8" 
BY G. H. CHADWICK 

EXTINCT VERTEBRATE FAUNAS FROM THE BADLANDS OF BAUTISTA CREEK 
AND SAN TIMOTEO CANYON OF SOUTHERN CALIFORNIA 

BY CIIILDS FRICK 

NOTES ON EIFEL BRACH10P0D8 
BY G. H. CHADWICK 



On motion, at 6 p. m. the Society adjoiimed. 



* Introduced by J. C. Merriam. 
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Minutes of the Eighth Annual Meeting of the Pacific Coast 
Section of the Paleoxtological Society 

By Chester Stock, Secretary 

The eighth annual meeting of the Pacific Coast Section of the Paleon- 
tological Society was held at Stanford University on April 6 and 7, 1917, 
the Society participating in the second annual meeting of the Pacific 
Division of the American Association for the Advancement of Science. 
A short, joint session with the Geological Society and the Seisinolog- 
ical Society was held on April 6, at which time Prof. John C. Merriam 
spoke on preparedness. At the conclusion of Professor Merriam 's ad- 
dress, the meeting adjourned, and the Paleontological Society was called 
to order in separate session hy Dr. J. P. Buwalda at 3.15 o'clock, in room 
'500, Mineralogy Building. 
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ELKCTION OF OFFICERS 

The following officers were elected for the ensuing year : 

President, Bruce L. Clark, University of California. 
Vice-President, Chester Stock, University of California. 
Secretary-Treasurer, (^hester Stock, University of California. 

PRESENTATION OF PAPERS 

The following papers were then read : 

SYSTEMATIC POSITION OF THE DIRE WOLVES OF THE AMERICAN 

PLEISTOCENE 

BY J. C. MEBBIAM 

NOTE ON THE OCCURRENCE OF A MAMMALIAN JAW, PRESUMABLY FROM 
THE TRUCKEE BEDS OF WESTERN NEVADA 

BY J. C. JONES 

{Al)8tract) 

During the suniDier of 1916 a small mammalian Jaw came into tbe possession 
of the University of Nevada that had been found In digging a shallow well 
near Washoe City, Nevada. While the Jaw was found in the recent alluvium 
at present covering the greater part of the floor of Washoe Valley, yet the 
only sedimentary beds from which it could have been eroded are similar in 
composition to the Truckee beds and believed to be of the same age. 



Read by title. 



PINNIPEDS FROM MIOCENE AND PLEISTOCENE DEPOSITS OF CALIFORNIA 
BY REMINGTON KELLOGG 

{Abstract) 

A new genus and species of sea-lion from the Temblor, together with seal 
remains from the Santa Margarita and San Pedro, are described. The dis- 
cussion includes a r§sum^ of current theories regarding origin of the IMnni- 
pedia. 

PUMA LIKE CATS OF RANCHO LA BREA 
BY J. C. MERRTAM 

QRAVIGRADE EDENTATES IN LATER TERTIARY DEPOSITS OF NORTH 

AMERICA 

BY CHESTER STOCK 

(Abstract) 

A review of occurrence of gravigrade edentates in Miocene and Pliocene de- 
posits of North America. Particular attention is directed to recent discoveries 
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of ground-sloth remains in the Rattlesnake I>ower Pliocene of eastern Oregon 
and in Lower Pliocene beds exposed along San Pablo Bay, California. 

RELATIONSHIPS OF RECENT AND FOSSIL INVERTEBRATE FAUNAS ON TEE 
^rEST SIDE OF THE ISTHMUS OF PANAMA TO THOSE ON THE EAST SIDE 

BY IDA 8. OLDBOTD 

(Abstract) 

The range of rarious invertebrate species of the marine provinces to the 
west and east of the Isthmus of Panama is discussed, and attention directed 
to forms common to both sides of the isthmus. The report includes a state- 
ment concerning origin of certain of these species from a common stock, as 
well as observations on former trans-Pa nam Ic marine connections. 

TROPITIDX OF THE UPPER TRIASSIC OF CALIFORNIA' 
BY J. P. SMITH 

(Abstract) 

A series of species of Tropites and near relatives are exhibited, showing 
evolution of the group and forming the basis for a discussion of species-form- 
ing. These are species in the making and give good examples of series diverg- 
ing but little from each other and from the common ancester. A discussion Is 
also given of the correlation of the Tropites subbullaius zone and the classi- 
fication of the Upper Triassic of California. 

FA IN A OF THE IDAHO FORMATION 
BY JOHN C. MERBIA.M 

(Abstract) 

A very extensive series of sediments exposed in the valley of the Snake 
River, In southwestern Idaho, described by Coi)e as the Idaho formation, has 
been carefully studied and described by Lindgren. From this formation a 
mammalian fauna secured by Lindgren has been listed by Lucas and referred 
to the Pliocene. 

The known list of mammals from the Idaho includes a number of forms 
which approach very closely in their stage of evolution to the Pleistocene of 
western North America, but differ specifically from all Plelfi^tocene species 
Such <lifferences as Hpi)ear are mainly in the direction of primitiveness. A 
iuinil»€»r of other forms found in the Idaho fauna are distinctly of a Pliocene 
tyi)e. As nearly as can be judged, the mammalian fauna of the Idaho repre- 
sents a Pliocene stage later than any other Pliocene fauna of the Pacific Coast 
and Great Basin regions, with possible exception of the Tulare Pliocene oc- 
<'urrence on the western border of the San Joaquin Valley. 

OCri RIfEXCE OF A MARIS E MIDDLE TERTIARY FAUNA ON THE WESTERS 
BORDER OF THE MOJAVE DESERT AREA 

BY WALLACE GORDON 

Read bv J. C. Morriam. 
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FAUX A OF THE JiAUTJSTA CHEEK BADLANDS 
BY CHILD8 FBICK 

(Ahstract) 

During the fall of 1916 the posterior portion of a lower jaw of a fossil horse 
from the Bautista Creek badlands, near Heniet, California, came into the 
hands of Dr. J. C. Merriam through the kindness of Mr. J. C. Blackburn. Sev- 
eral weeks of systematic collecting at this locality has resulted in the gather- 
ing of other well preserved horse remains, some cervid material, including 
parts of the dentition, skull, and skeleton, as well as fragmentary evidence of 
an antelope smaller than Capromei^x minor, and of a small ground sloth. 

The dentition of the horse is of primitive character and apparently indi- 
cates a new form. The other species likewise api^ear to be new, and all prob- 
ably repr&ent a new or imperfectly known stage in the faunal sequence from 
the late Pliocene to the early Pleistocene. 

This fauna is particularly interesting in its geographic i)osition between the 
marine beds of the Pacific and those of the Gulf. 

OCCURRENCE OF THE SIPHOXALIA SUTTERENSIS ZONE, THE UPPERMOST 
TEJON HORIZON IN THE OUTER COAST RANGES OF CALIFORNIA 

BY ROY E. DIGKEBSON 

(Abstract) 

The uppermost horizon of the Tejon Eocene of California, the SipJionalia 
autterensis zone, was described from the Eocene of Marysville Buttes and 
later recognized as occurring at Oroville, beneath the basalt of Oroville, South 
Table Mountain, at lone, on the western flanks of the Sierra Nevada, and at 
Merced Falls. In the study of the Mount Diablo region, the Coalinga District, 
and the southern end of San Joa^iuin Valley, at the type locality of the Tej<m 
group and at San Diego, this upper horizon was not recognized. The zone 
was placed as an uppermost phase on the basis of stage of evolution and its 
close (?onnecrtlon with the Balanophylia variabilis zone of the Mount Diablo 
region. A year ago Mr. Reginald Stoner discovered a locality in the Santa 
Susana Mountains, on Aliso Canyon, of Devil Creek, just beneath Miocene 
strata. The fossils from this locality represent a lower phase of the Siphonalia 
suiterensis zone and the fauna is essentially the same as the Siphonalia sut- 
tvrcnHiH Z4)ne of the Roseburg quadrangle, on Little River, near the confluenci* 
with the Umpqua. In the Simi Hills, a few miles away from the locality dis- 
covered by Mr. Stoner, the Rimella simplex zone of the Middle Tejon stage 
occurs. The general absence of this zone throughout most of the Coast Range 
region is probably due to extensive erosion during the interval between Upper 
Eocene and Oligocene time. 

At the conclusion of the reading of papers the meeting adjoumefl and 
the members of the Paleontologieal Society attended a dinner of tlio Lc 
Conte Club, at the Stanford Union. 
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On Saturday, April 7, at 10.45, the meeting was called to order by Dr. 
C. E. Weaver. The following papers were presented : 

CRETACEOUS AND TERTIARY STRATIGRAPHY OF THE WESTERN END OF THE 
SANTA INEZ MOUNTAINS, SANTA BARBARA COUNTY, CALIFORNIA 

BY H. J. HA.WLEY 

{Abstract) 

The western end of the Santa Inez Mountains is made up wholly of sedi- 
mentarles of Cretaceous and Tertiary age. The Cretaceous is represented by 
Chico sandstones, overlain unconformably by Tertiary sediments. The Tejcm 
is the local representative of the Eocene period, and the fauna of this series 
shows a remarkable similarity to the fauna from the type Tejon. Lower Mio- 
cene, which may be divided Into Vaqueros and Monterey, represents the latest 
period of deposition in this reglno. 

GEOLOGIC RANGE AND EVOLUTION OF THE MORE IMPORTANT PACIFIC 

COAST ECHINOIDS 

BY W. S. W. KEW 

{Abstract) 

Geologic ranges of the more important echlnoid genera of the Pacific coast 
are as follows: Cidaria, Eocene, with exception of one species in the Oligo- 
cene; Strong ylocentrotu8t Pliocene to Recent; ScuteUa^ Upper Eocene to Plio- 
cene, with greatest development in the Lower Miocene ; Dendraster, dominant 
in the Pliocene and continuing to tlie Recent; AstrodapHs, confined to the 
Upper Miocene and Lower Pliocene. 

Scutclla, Astrodapsis, and Dcndraster serve best to Illustrate the lines of 
descent of echinoids on the Pacific coast. ScuteUa evolves along two main 
lines, that of the ;;?. cooavtiJiis-i^. 7wrri8i group and that of the fif. tnef-riami- 
8, hlancoensis group. Astrodapsis, derived from the Scutellas, acquires the 
characters of elevated petals and grooved interambulactral areas, which be- 
come more pronounced until the specialized A. major and A. amoldi stages are 
reached. Following these stages the genus suddenly becomes extinct, Den- 
drasteTy also originating from the ScutcUas, passes from the D. gibl}8i type, 
with more or less thickened test and eccentric apical system, to the thin test 
and extreme apical eccentricity of D.ashleyi (Arnold), and finally to the 
recent D. exccntricua (Eschscholtz), with a less eccentric apical systi^m. 

EVIDENCE IN SAN GORGON 10 PASS, RIVERSIDE COUNTY, OF A I. ATE 
PLIOCENE EXTENSION OF THE GULF OF LOWER CALIFORNIA 

BY F. E. VAUOHAN 

(Ahatract) 

A small invertebrate fauna was collected in San Gorgonio Pas.s 3 miles 
east of Millard Canyon. Several forms from this locality are the same as 
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species fonnd by W. S. W. Kew at Carrizo Creek. The beds occurring at the 
latter locality are considered by T. W. Vaughan as not older than Lower Plio- 
cene. 

VAQUER08 FORMATION IN CALIFORNIA 
BY W. F. IX)EL 

(Abstract) 

The horizon markers and principal features show this division of the Lower 
Miocene to be a distinct and true formation, both faunally and lithologlcally. 

TERTIARY AND PLEISTOCENE FORMATIONS OF THE NORTH COAST OF PERU, 

SOUTH AMERICA 

BY 6. C. OESTEB 

(Ahstract) 

The Tertiary formations of the north coast of Peru are similar in many re- 
spects to the Tertiary formations of the west coast of North America. A 
comparison of the faunas shows many closely related species. An interesting 
feature of the north Peruvian coast Is the elevated tableland, or "tablaza," 
which extends for several miles Inland from the coast The "tablaza beds" 
are richly fossillferous and probably belong to the Pleistocene period. 

SYMPOSIUM ON CORRELATION OF OLIOOCENE FAUNAS AND FORMATIONS OF 

THE PACIFIC COAST 

BY C. E. WEAVER, B. E. DICKERSON, AND B. L. GLABK 

PALEOGEOORAPHY OF THE OLIOOCENE OF WASHINOTftN 
BY CHARLES E. WEAVES 

(Ahatract) 

Two Oligocene embay men ts occur in Washington. The northern embay men t 
occupied approximately the area between the Olympic Mountains and Van- 
couver Island and extended into the Puget Sound Basin as far south as Seattle. 
The southern embayment existed in the present region of Gray's Harbor and 
extended as far south as the Cowlitz Valley, in the northern part of Towlltz 
County. In the northern embayment there were deposited approximately 14,000 
feet of sandstone and shale. In the southern embayment the deposits are 
4,000 feet In thickness. The basal faunas In the southern embayment, as repre- 
sented at OakvUle, are the same as the basal faunas in the northern embay- 
ment at Port Discovery Bay, near Port Townsend, and also the basal beds on 
the south shore of Vancouver Island, which have been described as the Sooke 
Beds. In both the northern and southern embayments the strata above the 
Sooke Beds contain a fauna of subtropical character which has been designated 
the Molopophorous Uncolnensi8 zone, the type locality of which is at Lincoln 
Creek, in Thurston County. In the northern embayment the Upper Oligocene 
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beds contain a colder water fauna, which has been designated as the AcUa 
gettyshnrgensig zone. This fauna is absent in the southern embayment 

PALEONTOLOGY AM) STRATIGRAPHY OF THE PORTER DJVI8ION OF THE 
OLIOOCENE JN WASHINGTON 

BY KATHERINE E. VAN WINCKLE 

(Abitract) 

The report embodies the results of stratlgraphie and faunal studies of the 
Porter division of the Oligocene of Washington at the type locality on Porter 
Creek. The formation consists predominantly of shaly sandstones and sandy 
shales having a thickness of 1,200 feet. These beds rest uncoiiformably on 
Tejon basalts. From the lower portion of the section a marine invertebrate 
fauna of 20 species was obtained, while from the npper beds 30 species were 
secured. Twelve species occurring in the lower beds are common to those in 
the upper. The fauna at Porter has a closer similarity to that at Lincoln 
Creek than it has to the Blakely fauna at Restoration Point It is possible 
that the beds at Porter can be correlated with those exposed at Lincoln Creek. 



Read by C. E. Weaver. 



FAUNAL ZONES OF THE OLIGOCENE 
BY B. L. CLARK 



CLIMATE AND ITS INFLUENCE ON OLIGOCENE FAUNAS OF THE PACIFIC 

COAST 

BY BOY E. DICKEBSON 

At the conclusion of the reading of the papers the meeting adjourned 
Segistku of Members and Visitors at Stanford Meeting, 191? 
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Session of Tuesday, December 28 

The first general session of the Society scheduled for 2 p. m. Tuesday, 
December 28, was postponed until Wednesday morning, so that the mem- 
l)ers could meet with the Fellows of the Geological Society of America 
for the reading of the stratigraphic and paleontologic papers forming 
Group B of that Society^s program.. 

Tuesday evening the members met at Rosenwald Hall with the Geo- 
logical Society of America, the Mineralogical Society, and the Society of 
Economic Geologists, to hear the addresses of I. C. White, retiring Presi- 
dent of the Geological Society, and of C. K. Leith, retiring Vice-President 
of Section E, American Association for the Advancement of Science, fol- 
lowing which the four societies participated in a joint smoker. 



Session of Wednesday, December 29 

The twelfth annual meeting of the Society was called to order by Presi- 
dent Loomis at 9.30 a. m., December 29, in Walker Museum of the Uni- 
versity of Chicago. The report of the Council was presented by the 
Secretary as the first matter of business. 
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REPORT OP THE COUNCIL 

To the PcUeontological Society, in twelfth anniuil meeting assembled: 

The meetings of the Council, as heretofore, have been Umited to one 
following the last annual meeting and one inmiediately preceding the 
present session, all other business having been transacted by correspond- 
ence. The CounciPs administration of the Society's business for the 
twelfth year is presented in the following reports : 

Sbcbetabt*8 Report 

To the Council of the PcUeontological Society: 

The proceedings of the eleventh annual meeting of the Society, held 
at Boston, Massachusetts, December 30-31, 1919, are printed in volume 
31, pages 197-232, of the Bulletin of the Geological Society of America. 

The Councirs proposed nominations for oflBcers and the announcement 
that the twelfth annual meeting of the Society would be held at Chicago, 
December 28-30, 1920, as the guest of the University of Chicago, was 
issued March 15, 1920. 

The nomination of Dr. Arthur HoUick as representative of the Pale- 
ontological Society on the Board of Control of Botanical Abstracts to 
succeed Dr. F. H. Knowlton, whose term had expired, was approved by 
the Council. 

Membership, — During the year the Society has lost three members by 
death : Mr. Walter R. Billings, of Ottawa, Ontario, nephew of E. Billings 
and, like his distinguished relative, a student of the invertebrates of the 
Ijower Paleozoic rocks of Canada; Mr. Homer Hamlin, of Los Angeles, 
California, and Mr. Wilbur L. Moody, of Berkeley, California, both stu- 
dents of Pacific Coast paleontology and stratigraphy. 

One member has resigned during the year, the election of fourteen new 
members has just been concluded, and five additional nominations are 
awaiting consideration at the present meeting. This year four of our 
members have been elected to fellowship in the Geological Society of 
America. The result of these various changes leaves the total number of 
members at the end of 1920 as 209. 

Publications, — Besides the Proceedings, eight papers published by the 
Society in the Bulletin of the Geological Society of America have been 
distributed to the members during the course of the year. 

Pacific Coast Section, — The tenth annual meeting of the Pacific Coast 
Section of the Paleontological Society was held at Seattle, Washington, 
June 18, 1920, in conjunction with the Cordilleran Section of the Geo- 
logical Society of Ameri(*a, the two societies participating in the fourth 
annual meeting of the Pacific Division of the American Association for 
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the Advancement of Science. The meeting was called to order by Dr. 
E. L. Packard, in the Science Hall of the University of Washington, and 
nine papers on the paleontology and stratigraphy of the west coast were 
presented. As an item of business, it was moved and carried that the 
new officers of the Pacific Coast Section should be voted on by mail at a 
later date determined by the secretary. 

The election of officers was held in October, 1920, with the following 
results : 

President, E. L. Packard. 

Vice-President, B. L. Clark. 

Secretary, Chester Stock. 

The minutes of this section are printed on pages 145 to 149 of this 
Bulletin. 

Respectfully submitted, R. S. Bassler, 

Secretary. 
Washington, D. C, December 27, 1920. 

Tbeabubeb'b Repobt 

To the Council of the Paleontological Society: 

The Treasurer begs to submit the following report of the finances of 
the Society for the fiscal year ending December 24, 1920 : 

BECEIFTB 

Cash on hand December 20» 1919 $623.76 

Membership fee 276.30 

Interest, Ck>nnectieut Savings Bank 23.58 

?923.64 

EXPBNDITUBES 

Treasurer's office: 

Treasurer's aUowance $25.00 

Printing and postage 16.50 

$41.50 

Secretary's office: 

Secretary's allowance $50.00 

Office expenses 68.52 

Clerical help 25.00 

143.52 

Geological Society of America : 

For printing separates 54.94 

Pacific Coast Section: 

Assessment for the American Association for the Ad- 
vancement of Science 15.00 

264.96 

Balance on hand December 24, 1920 $668.68 
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Net increase In funds ^.92 

Outstanding dues (1919), 2 $8.00 

Outstanding dues (1920), 3 9.00 

$15.00 

Eespectfully submitted, 

Richard S. Lull, 

Treasurer. 
New Haven, Connecticut, December 24, 1920. 

APPOINTMENT OF AUDITING COMMITTEE 

Following the reading of the Treasurer's report. President Loomis 
appointed Messrs. Stuart Weller and A. W. Sloeom as a committee to 
audit the accounts. 

ELECTION OF OFFICERS AND MEMBERS 

The result of the ballots for the election of officers for 1921 and of new 
members was then announced as follows : 

OFFICERS FOR 19il 

President: 
T. W. Stanton, Washington, D. C. 

First Vice-President: 
C. K. SwARTZ, Baltimore, Maryland 

Second Vice-President: 
W. J. Sinclair, Princeton, New Jersey 

Third Vice-President: 
Arthur Hollick, New York City 

Secretary: 
R. S. Bassler, Washington, D. C. 

Treasurer: 
Richard S. Lull, New Haven, Connecticut 

Editor: 
Walter Granger, New York City 
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NEW MEMBERS FOR 1911 

Perry A. Click, 502 East Springfield Street, Champaign, 111. 

Leonard Wllshier Henrt, Morton Street, Portersville, Calif. 

Raymond R. Hibbard, 450 Carlton Street, Buffalo, N. Y. 

Henry V. Howe, 1514 Alder Street, Eugene, Oregon. 

Dorothy B. Kemfer, 2527 Benevenue Street, Berkeley, Calif. 

George Frederick Matthew, 115 Carmarthen Street, St. Jolin, N. B. 

Florence Emma Moses, 5424 Claremont Avenue, Oakland, Calif. 

Adolf Carl No£, University of Chicago, Chicago, 111. 

Esther E. Richards, Rio Bravo Oil Company, Southern Pacific Building, 

Houston, Texas. 
Richard Joel Russell, 2412 Piedmont Avenue, Berkeley, Calif. 
Arthur Ware Slocom, Walker Museum, University of Chicago, Chicago, 111. 
Frank Peter Strickland, Jr., 640 Oakland Street, Kansas City, Mo. 
Parker Davies Trabk, 1502 Alice Street, Oakland, Calif. 
AI.FRED 08WAI.D WooDPORD, Pomoua College, Claremont, Calif. 

AMENDMENT TO THE CONSTITUTION 

The Secretary then announced the result of the balloting regarding 
the proposed amendment of Article III, section 5, of the Constitution, 
namely : "Fellows, Members, and Patrons are entitled to vote, but only 
Fellows are eligible to oflBce in this Society," be amended so as to require 
only that the President of the Society be a Fellow. The amendment was 
lost, as less tlian one-half of the Fellows voted favorably, instead of the 
necessary three-fourths. 

NEW NOMINATIONS AND ELECTION TO MEMBERSHIP 

The President then directed the Secretary to read the list of new nomi- 
nations, which had arrived too late for the printed ballot and which, 
having received the approval of the Council, were under consideration 
for election : 

Paul C. MiLJjf:R, Assistant Curator of Paleontology, Walker Museum, Univer- 
sity of Chicago. Proposed by E. S. Riggs and F. B. Loomis. 

Richard Newman Net^son, graduate student, University of California. B. A. 
University of Oregon (1919). Proposed by Chester Stock and B. L. Clark. 

Norman E. Nelson, 116 East Eighth Street, Fort Worth, Texas. Student of 
Cretaceous paleontology and .stratigraphy. Proposed by E. O. Ulrlch and 
R. S. Bassler. 

Will McClain Winton, Professor of Biology and Geology, Texas Christian 
University, Forth Worth, Texas. M. S., Vanderbilt University (1908). 
Proposed by E. O. Ulrich and R. S. Bassler. 

Otto T. Wai^ter, Research assistant in paleontology. University of Iowa. 
M. S., University of Iowa (1917). Proposed by A, O. Thomas and R. S. 
Bassler. 
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Upon motion by Professor Weller, it was voted that the By-Laws be 
suspended and that the Secretary cast the vote of the Society for the 
election to membership of these five new nominees. 

ELECTION OP CORRESPONDENT 

President Loomis then reported that the Council favored the election as 
Correspondent of Monsieur Ferdinand Canu, 18 Rue du Peintre Lebrun, 
Versailles, France, in view of his researches on paleogeography and his 
various monographs and essays on the fossil bryozoa of both Europe and 
America, his work on the latter culminating in the two quarto volumes 
forming Bulletin 106, U. S. National Museum, entitled "North Amer- 
ican Early Tertiary Bryozoa." Monsieur Canu's election followed by 
unanimous vote. 

With the completion of the business meeting, the Society proceeded, 
in general session, witli President Loomis in the chair, to the reading of 
papers. 

PRESENTATION OF PAPERS 

The first paper of the session, presented by the author and illustrated 
by lantern slides, gave the results of ten years of exhibition work in 
paleontology at the New National Museum ; discussion by Messrs. Moore 
and Weller. 

PALEONTOLOGICAL EXHIBITS AT THE U. 8. NATIONAL MUSEUM 
BY B. S. BA8SLEB 

( Abstract) 

As this meeting marks the end of the first decade of exhibition in the New 
National Museum, a report of progress seemed appropriate. The general diffi- 
culty of preparing interesting exhibits of fossil remains is increased in the 
National Museum by the fact that the interest must be national and not local 
The methods of obtaining this result will be explained by lantern slides illus- 
trating the three main halls of paleontology and by samples of the de8crlpti?e 
labels employed. Each hall is devoted to a special branch of paleontology, 
namely, the vertebrate, invertebrate, and plant divisions, and the exhibits In 
each are arranged for study by the biologist, geologist, and the general public 
For the first, there is a biological series, in which the evolution of the various 
classes of organisms is the essential theme; for the geologist, the character- 
istic fossils and rocks of each formation are arranged chronologically and ac- 
companied by a long structure section across the continent; for the general 
public, large exhibits illustrating subjects which include matters of geological 
history, in addition to the display of fossils and their occurrence in the rocks, 
are displayed, usually on bases open to inspection by the visitor. In this 
latter series a fossil coral reef, a large block showing an unconformity, sea 
beaches of various geological periods, and similar subjects are included. 
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An instructive paper on Paleozoic cephalopoda, illustrated by diagrams 
and read, in the absence of the author, by President Loomis, brought 
fortli a discussion by Messrs. Poerste, Chadwick, and Bassler. 

OBSERVATIOya ON THE MODE OF LIFE OF PRIMITIVE OEPHALOPODS 

BY B. BUEDEMANN 

{Ahatraci) 

The purpose of this paper is to record some new observations on the life 
habits of the earlier cephalopods based on specimens of Orthoceraa from the 
Trenton limestone and Guelph dolomite of New York, retaining color lines on 
one side, and others from the Utica and Lorraine shales of New Torti, showing 
sexual differences in size, shape, and surface sculpture. 

The Secretary then presented for the author, in his absence, an account 
of the wonderful anatomical structures preserved in the Middle Cambrian 
Burgess shale branchiopod Crustacea found near Field, British Columbia. 
Illustrated by lantern slides and specimens. 

ANATOMY OF MIDDLE CAMBRIAN ORVSTACEA 
BY CHABLEfl D. WALCOTT 

{Abstract) 

A presentation of the appendages and internal anatomy of the three Middle 
Cambrian branchiopod genera, Waptia, Naroia, and BurgeaHa, preliminary to 
a more detailed work to be issued in the near future by the Smithsonian Insti- 
tution. 

The following papers were read by title : 

AMERICAN 8PBCIE8 OF THE GBNU8 SCHWAOERINA AND THEIR 
8TRATIORAPHIC SIGNIFICANCE 

BT J. W. BEEDE 

GRAPTOLITB LOCALITIES OF WESTERN NORTH AMERICA, WITH DESCRIPTION 
OF TWO NEW FORMATION NAMES 

BY L. D. 3UBUN0 

(Ahatract) 

The greater part of the paper is taken up with summaries and correlations 
of the available published information with reference to the twelve known 
graptolite localities in western North America. 

Three new graptolite localities are described for western North America, all 
in the Desert ranges of Utah, and reported on by Ulrich, whose reports are 
copied. 
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Additional stratigraphic data are presented regarding two of the twelve 
known localities: Glenogle (British Ck)lumbia) and the Yukon-Alaska boand- 
ary. Regarding the former (Glenogle) this paper corrects the accepted refer- 
ence of the Glenogle graptolites to "Kicking Horse Pass." It regards and dis- 
cusses the discovery of fossils below, and makes a correction in the stratigraphy 
of the beds above, the graptolite shales, for which it proposes the formational 
name Glenogle shales. The beds above are shown to be of Richmond age, the 
first recorded instance of Richmond beds west of Lake Winnipeg and north of 
the Canadian boundary. Regarding the latter (Yukon-Alaska boundary) this 
paper lists four new localities in the general vicinity of the one previously 
known and presents new light on the stratigraphy of the graptolite-bearing 
beds, giving a section of the Paleozoic beds south of the Tatonduk River and 
defining one new formation, the Tatonduk shales. These collections have all 
been reported on by Doctor Ruedemann, whose reports are copied. There is 
also recorded a slight change in the recorded localities for DicranoffraptfU 
nicholsoni whittanu^ (Miller). 

The bearing of the data presented on such questions as the number of 
graptolite horizons in the West, their origin and dispersal, is discussed and 
the conclusions drawn that there appear to be several horizons, and that the 
main channels of communication probably opened to the north. 

The next paper was read by title. 

NEW KIND OF TYPE SPECIMEN 
BT E. L. TBOXELL 

The next paper, illustrated by lantern slides and dealing with several 
Upper Cambrian trilobites of Iowa, was presented by the author and dis- 
cussed by Messrs. Weller and Chadwick. 

UPPER CAMBRIAN TRILOBITES 
BY O. T. WALTER 

(Ahfitract) 

As far as now known, only three trilobites have been reported from the 
Upper Cambrian of Iowa, namely, Dikelocephalua minnesotensu Owen, IlltP- 
nuru8 quadratus Hall, and a new species of IlUrnurua, here designated as 
Ilkenurus calvini. These three species are found associated in the Saint Law- 
rence limestone near Lansing, Allamakee County. Iowa. IlUpnurus quadratm 
Hall occurs somewhat doubtfully at this place, while Illwnurua calvini is found 
in abundance and in association with IHkelocephalus minnesotenais. As in the 
ease with the latter, the new llla-nurus is more or less dismembered; a restora- 
tion brings out several interesting features. The first reference made to /. 
calvini was by the late Prof. S. Calvin in the Iowa Geological Survey, volume 
IV, page 58. This species diflPers notably from 7. quadratus in the presence of 
long postero-lateral extensions of the fixed cheeks. 

Some notes on a triloblte from the province of Szechuan, west C^lna, are 
also presented. 
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A stratigraphic paper giving a detailed classification and description 
of the Niagaran rocks of nortliern Michigan was then read by the author 
and brought forth discussion from Messrs. Twenhofel, Poerste, and M. Y. 
Williams. 

NIAOARAN ROCKS OP THE NORTHERN PENINSULA OP MICHIGAN 
BY G. M. EHLEB8* 

{Abstract) 

The Niagaran rocks of the northern peninsula of Michigan, with the excep- 
tion of those exposed in the Limestone Mountain outlier in Houghton County, 
are at or near the surface of a wide belt of land bordering the northern shores 
of Lali^es Huron and Michigan. These rocks consist almost entirely of lime- 
stones and dolomites, are remarkable for their continuity from Wisconsin to 
Ontario, and have a maximum thickness of nearly 1,000 feet 

A classification of these rocks is proposed in which the strata, beginning at 
the base, are grouped under the names Mayville, Burnt Bluff, Manistique, and 
Racine formations. 

The Mayville formation is a northeastward continuation of the Mayville 
beds of Wisconsin. The base of the formation in Michigan has not been seen ; 
the top is provisionally placed at the top of a yellowish gray dolomite contain- 
ing numerous remains of the brachiopod named Virffiana mayvUlenHs by 
Savage. This horizon extends eastward as far as Manitoulin and Fitzwilliam 
islands, Ontario, in which regions it is included in the upper part of the 
Cataract formation by M. T. Williams. It is thought that this horizon is 
younger than Cataract, and that the entire Mayville formation is of Niagaran 
age instead of Alexandrian, as stated by Savage. The Virgiana mayvillensis 
dolomite of the Mayville probably represents the same stratigraphic horizon 
as the Virgiana {Cotwhidiutn) decusaata beds of Limestone Mountain, Michi- 
gan, of the Hudson Bay region, and of the Stonewall limestone of Manitoba. 

The overlying Burnt Bluff formation seems to be limited above by a discon- 
formity, and with little doubt is a northeastward extension of the Byron, 
Transition, and lower part of the Lower Coral Beds of Wisconsin. Certain 
beds of the formation — that is, the Flbom limestone and upper part of the 
Hendricks series of R. A. Smith's tentative classification — ^are regarded by 
Savage and Crooks as being of Alexandrian age. The Burnt Bluff formation, 
which includes these beds, is thought by the writer to be of Niagaran age. 
The formation without doubt is equivalent to the Severn River limestone of 
the Hudson Bay region and the Wabl formation of the I^ke Timlskaming 
re^on. 

The Manistique formation is a northeastward extension of the Upper Coral 
Beds and the upper part of the rx>wer Coral Beds of Wisconsin. The well 
known coral horizon of this formation, which also occurs in the Upper Coral 
Beds of Wisconsin, is represented by the Fossil Hill coral horizon of the Lock- 
port formation of Manitoulin Island and by a similar horizon in the Lockport 
of the I>ake Timlskaming region. 



* Introduced by E. C. Case. 
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The Radne formation of Michigan is an extension of the formation in Wis- 
consin which James HaU designated as the Racine limestone. The formations 
in Ontario, which are thought to be included In the Racine, are the Guelph 
and the thick-bedded, white to very light gray dolomite at the top of the Lock- 
port of Gockburn and Manitoulin islands. 

Following Mr. Eliler's paper was an account by Dr. Roy L. Moodie of 
his recent researches in paleopathology. This paper, which was illus- 
trated by lantern slides, was supplemented by a demonstration later of 
specimens and microscopic preparations in an adjoining laboratory to 
those interested. 

STATUS OF OUR KNOWLEDOE OF ME80Z0IC PATHOLOGY 
BY BOY L. MOODIE 

i Abstract) 

This paper discusses the degree of progress disease made during the Meao- 
zolc. Fifteen pathological results, classified under the following five headings, 
will be described: 1, Arthritides; 2, Tumors; 3, Necroses; 4, Hyperostoses; 
5, Fractures. 

An account of the small fossils obtained by washing the DeTonian 
shales of Iowa followed, and was presented by the author, with illustra- 
tions by lantern slides. 

SMALL FOSSILS FROM THE LIME CREEK SHALES 
BY A. O. THOMAS 

{Abstract) 

At the last meeting of the Paleontological Society the writer reported the 
finding of dissociated plates, spines, and parts of the lantern of three Devo- 
nian -sea-urchins from the Lime Creek shales of Iowa. Since then quantities 
of the marly shales in which these occur have been screened and then washed 
through a series of fine-meshed sieves with the purpose of trying to find am- 
bulacral plates and other small parts of the dissociated tests. In this manner 
many of the small parts of the echlnolds were secured and, in addition, some 
ostracod valves and a few foraminifera. This led to more screening and wash- 
ing from several horizons with excellent results. Bolting cloth was used to 
catch some of the very finest material. The small forms were then sorted out 
of the dried screenings under a Zeiss binocular. 

In the coarser slftlngs examined occur a few of the larger forms mentioned 
below; also some juvenile brachlopods, fragments of shells and bryosoa, bits 
of coral, pieces of spines, and plates of sea-urchins, and various other broken 
organic remains. 

The finer siftlngs, however, yield the best results. At several horizons the 
commonest fossils are the spirally marked, spheroidal bodies of doubtful afflnl- 
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ties, known as Calcisphara rohuata Williamson. They occur by the score, and 
lumps of the shale may be found in which large numbers of them are massed 
together. A few have been isolated on which the spiral lines are double. 

Among the foraminifera a rotaline form is fairly common. It seems to be- 
long to a new genus. Lagena and 8(iccainina are rare; the latter gives evi- 
dence of occurring in chains, as illustrated by Brady and others. A QloHg- 
erjna-like sfpedes is found sparingly at one or two horizons. Minute tetracti- 
nellid spicules represent the sponges. 

Gonodont teeth referable to the genus Polygnathwi occur. These micro- 
scopic translucent worm remains are beautifully preserved and are among the 
smallest forms recovered. Small, slender, annulated shells of TentacuUteB are 
common in nearly every pan of the marl. Their exquisite hyaline tips are pre- 
served in many cases. Some of these are doubtless the young of a new species' 
of Tentaculitea from the same beds and which reach a length of five milli- 
meters or more. 

The screenings are rich also in shells of tiny ostracods. Some of the genera 
are abundant and are represented by more than one species; a few, notably 
EntomiSf are very rare. The commonest genera are Bairdia, Kirkhyina, 
BythocyprU, Cypridina, and Beyrichia, while there are several forms which 
have not been generically determined. 

The meeting then adjourned for luncheon. 

PRESIDENTIAL ADDRESS 

At 2 p. m. the Society met to hear the address of the retiring Presi- 
dent of the Paleontological Society, entitled 

ORIGIN OF THE SOUTH AMERICAN FAUNAS 
PRESIDENTIAL ADDRESS BY F. B. L00MI8 

Following this address, the reading of the papers prepared for the 
symposium and arranged for the meeting was taken up. 

SYMPOSIUM ON CRITERIA AND METHODS EMPLOYED IN PALEONTOLOGIC 

RESEARCH 

CRITERIA FOR THE DETERMINATION OF THE CLIMATIC ' ENVIRONMENT OF 

EXTINCT ANIMALS 

BY E. C. CASE 

CRITERIA FOR DETERMINATION OF CLIMATE BY MEANS OF FOSSIL PLANTS 

BY r. H. KNOWLTON 

METHODS OF DETERMINING THE RELATIONSHIPS OF MARINE INVERTE- 
BRATE FOSSIL FAUNAS 

BY CHARLES SCHUCHERT 

CRITERIA FOR SPECIES, PHTL0GENIE8, AND FAUNAS OF TRILOBITES 
BY P. E. RAYMOND 
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AGE DBTERMryATION OF FAUNAB 
BY E. O. ULRICH 

METHODS OF CREATING POPULAR INTEREST IN EXHIBITS OF F088IL8 

BY E. 8. RIGG8 

Upon the completion of the symposium, the reading of papers on the 
regular program was resumed. 

PRESENTATION OF PAPERS 

In the absence of the author, the following was read by the Secretary: 

DECREASING SALINITY OF THE PLEISTOCENE CHAMPLAIN SEA OOINQ 
SOUTHWARD, AS SHOWN liT THE CHARACTER OF THE FAUNA, WITH 
A BRIEF DISCUSSION OF THE PLEISTOCENE FAUNA OF THE HUDSON 
VALLEY AND^ITS SIGNIFICANCE^ 

BY WINIFRED GOLDRING 

i Abstract) 

Recent collecting in the Pleistocene deposits of the Ghamplain and Saint 
Lawrence valleys has called attention to the fact that going southward there 
is a marked change in the fauna, similar to that seen in the Baltic Sea today. 
Careful study of this fauna and comparison with the conditions found in the 
Baltic and elsewhere has led to the conclusion that the character of the 
Champlain fauna is due in large part at least to decreasing salinity southward 
in the waters of that time. 

The Baltic Sea shows a very striking decrease in salinity eastward and, in 
a large way, the responses of the fauna to it. As the salinity of the water 
decreases from that normal for sea-water, the fauna changes from one typi^ 
ally marine to one in which only a few marine groups are represented and 
finally to a fresh-water fauna. Another striking change has been noted in the 
character of the Baltic fauna which may likewise be correlated with the varia- 
tion in salinity : As the stenohaline forms disappear entirely, euryhaline forms 
become dwarfed. Modifications due to changes in the salt content of water 
are not confined to invertebrates alone. The dwarfing of fishes in the Baltic 
has been noted above; also the fishes of the Black Sea in their paucity of 
specific forms (compared with those of the Mediterranean) and marvelously 
great number of individuals are very indicative of the estuarine character of 
its waters. 

A careful list, with localities, has been compiled of the Pleistocene inverte- 
brate species collected by the writer and also all those reported by others In 
various publications, and these have been tabulated to show the distribution 
of the species from the sea (Labrador) to the southernmost locality (two miles 



^ This paper will appear in full In a New York Stkte Museum Bulletin. 
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south of Crown Point station) from which thej' have been collected in the 
Champlain area. 

Comparisons have been made of specimens of the Pleistocene species of the 
Champlain area with those of Canada and with recent representatives, and It 
has been found that the Champlain fauna Is a dwarf fauna. 

The Pleistocene fauna of the Hudson Valley is briefly considered. No fossils 
have been reported from these Pleistocene deposits south of Croton Point, 
either from the New York or New Jersey shores. The most northern point at 
which Pleistocene fossils have been reported from the Hudson Valley Is at 
Storm King, 50 miles above New York, where was found, In drilling a series 
of holes across the Hudson bed, a fauna represented by two si)ecles living at 
present along the New England and New Jersey coasts, MuHnia lateralis and 
Trivia trivittata. This has been shown by Shimeif'to be a dwarf fauna. At 
Croton Point, about 20 miles farther south, occurs a large Pleistocene oyster 
bed in which are found the following marine forms: Mya arenaria, Modiola 
demissus, MuHnia lateralis, and Alectrion {=Nassa) ohsoleta. The 'largest 
specimen of MuHnia lateralis here Is larger than the large specimens from 
Storm King, but smaller than the recent shore forms, as one might expect In 
waters of decreasing salinity. Salt-water organisms at present pass up the 
Hudson only to the Highlands, though Its waters are brackish as far north as 
Poughkeepsle. 

The data for the Hudson Valley Pleistocene fauna are meager, but the evi- 
dence obtained, however, seems to lead to conclusions similar to those arrived 
at for the Champlain area. The waters of the Pleistocene Hudson estuary 
were so freshened going northward that (1) only a few marine forms were 
able to advance Into these waters at all ; (2) so far as present knowledge goes, 
only two species reached as far up as Storm King, 50 miles above New York, 
and none have been reported north of this locality; (3) the two species found 
at Storm King represent a dwarf fauna, one of them, MuHnia lateralis^ occur- 
ring in a dwarfed condition (less so, however) at Croton Point, about 20 miles 
farther south. 

It Is recognized that clay deposited In fresh water shows a laminated char- 
acter not found In similar deposits In very brackish or salt water. The lami- 
nated character of the Hudson Valley clays, seen as far south as Haverstraw, 
and the absence of this peculiar laminated character In any of the localities 
In the Champlain area where marine fossils were found verifies what has al- 
ready been Indicated by the distribution and character of the faunas of these 
areas: (1) that the Pleistocene waters of the Hudson Valley were fresh or 
practically fresh north of Storm King; (2) that the Champlain Sea extended 
southward In a brackish condition, gradually freshened to a point a few miles 
south of Crown Point station, and that south of this area Its waters were 
fresh or practically fresh. 

At 5.30 the Society adjourned until the following day. 

Wednesday evening at 7 o'clock the members attended the annual din- 
ner of the Geological Society of x\merica and affiliated societies, at the 
Chicago Beach Hotel. 
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Session of Thursday, December 30 

Thursday morning at 9.30 the Society met in general session, with 
President Loomis presiding. 

report of tub auditing COMMITTEE 

The report of the Auditing Committee was announced, attesting to the 
correctness of the Treasurer's accounts; whereupon it was voted by tiie 
Society that the report be accepted. 

PRESENTATION OF PAPERS 

The first paper on the program was an account of some interesting 
plant remains, illustrated by lantern slides and presented by the author. 

CrCADLIKB LEAVES FROM THE PERMIAN OF TEXAS 
BY ADOLF C. NO£ 

(AhHract) 

Among a number of fossil plants collected In 1020 in Baylor County, Texas 
by Mr. Paul Miller, Assistant Curator of Walker Museum, University of Chi- 
cago, are a number of cycadllke leaves. The purpose of this paper is to de- 
scribe and illustrate these leaves, which had been found in a tied of Permian 
shale, and to compare them with similar leaves which Prof. G. R. Wieland has 
described from the Lias of Mexico and with other early cycadeoid impressions. 
Their main interest lies in the fact that they are among the earliest known 
representatives of Cycadophytes. Since no seeds were discovered in connec- 
tion with these leaves, it is impossible to determine whether they belong to 
true Cycads, or Williamsouias, or Cycadofilicales, but the fronds strongly re- 
semble those of true Cycads. 

The three following papers on paleobotany- were then read by title : 

OENUS SEQUOIA IS TUB MB80Z0IC 
BY E. C. JEFFREY 

(Ahstract) 

The author has had the opportunity of examining for the first time large 
quantities of twigs, with structure preserved, belonging to the genus Seqitoia 
as recognized in the American Cretaceous. It is clear, from the evidence here 
furnished, that the organization of these twigs has little In common with that 
of our living Sequoias and their allies. They in fact are the branches of 
Araucarian conifers — a possibility long ago suggested by Saporta on the basis 
of their external habit. A recent suggestion that these twigs are wrongly 
identified has been withdrawn by its author, who now maintains that the 
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aaatomlcal evidence does not prove their Araucarian affinities. Work carried 
out under the author's supervision makes It clear that true remains of the 
genus Sequoia do not make their appearance till the upper members of the 
Laramie series are reached. It will be necessary in the future to distinguish 
between the true Sequoias of the later Laramie and of the Tertiary and those 
Araucarian forms masquerading as Sequoias in the earlier Cretaceous and the 
Jurassic* 

QENV8 ARAVCARIOXTLON JN THE AMERICAN CRETACEOUS 
BY E. C. JEFFBET ^ 

{Abstract) 

The author and his students have collected material of Araucarioitylon from 
numerous localities and geological horizons of the North American Cretaceous, 
which supply reasons for modifications in our views as to the origin of the 
genus. It is generally assumed that the genus Ai-aucarioxylon definitely con- 
nects the Araucarian conifers of the present epoch with the Cordiatales of the 
Paleozoic. The structure of woods in the American Cretaceous lends little 
support to that opinion, since they are less like the wood of Cordaitea than 
are the woods of Araucaria and Agathis. The woods of the Araucarioxylon 
type in our deposits have the organization of Cupressinoxyla and the earlier 
annual rings of stems lack the Araucarioxylon-pitting. ^It is assumed from 
these data that the living Araucarian conifers are not closely related to the 
Cordai tales, but rather to a complex from which the Abietiueffi or Pine family 
has taken origin. The roots of the living genera of the Araucarlnece are or- 
ganized largely as is the stem of their Cretaceous ancestors. 

CUPRESSINOXYLA OF THE ME80Z0W 
BY E. C. JEFFBEY 

(Abstract) 

The genus Cupressinoxylon, established many years ago, is of wide occur- 
rence in the Jurassic and Cretaceous. It is generally assumed that woods of 
this type are to be referred to the Cupressiuew, Taxodineie, or Podocarpinese. 
The intention of the present communication is to show that many such woods 
are of Araucarian affinities. In a number of instances Araucarian pitting can 
be observed in such woods, while in others more refined criteria of Araucarian 
affinities have to be employed. Evidence is supplied on the one hand of the 
character of the ancestors of these Araucarian Cupressinoxyla and proof is 
furnished on the other of their being the ancestral tjpes from which the living 
Araucariineie have been derived. The genus Cupvcssinoxylon is formed as a 
response to marked seasonal variations of temperature and evidence is fur- 
nished for this conclusion. 

An instructive presentation, illustrated by lantern slides and speci- 
mens^ of a new reptilian suborder followed : 
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DE8MAT08VCHUB 8UPRBNSIS FROM THE DOCKUM TRIA88IC BED8 OP 

WE8TERN TEXAS 

BY E. C. CASE 

{Ahatrtict) 

Desmatosuchus represents a new suborder of phjtosauroid reptiles. The 
skull is characterized bj' the presence of a single temporal opening, the lack 
of a parietal foramen, a large antorbital opening, lateral nares, and a much 
reduced quadrate.^ The vertebral column is essentially phj'tosaurlan in char- 
acter ; very little of the limb bones or girdles was found. The back was cov- 
ered by an armor, consisting of four rows of plates, which extended from the 
skull to the extremity of the tail. The outer row of plates carried sharp 
spines, which were larger in the cervical region. The fifth pair of outer plates 
carried enormously developed spines, nearly eighteen inches in length, which 
curved outward and forward. 

The condition of the skull permitted a plastic cast to be made of the endo- 
cranial region. This shows the brain to have been relatively very small com- 
pared to the size of the animal. There was hardly any expansion of the cere- 
bral lobes; the hypophysis Ls very large, and there is a smaller epiphysis or 
paraphysis with lateral processes. The i)osition and size of the optic region 
and the location of the various cranial nerves are clearly shown on the cast. 

In the absence of their authors, four papers dealing with fossil verte- 
brates were then read by title : 

EVOLUTION, PSYLOOENY, AND CLASSIFICATION OF THE PR0B08CIDEA 
BY HEN BY FAIBFIELD 08B0BN 

CLASSIFICATION OF THE REPTILES 
BY W. K. 6BEG0BY 

JURASSIC FISHES COLLECTED BY BARNUM BROWN IN CUBA 
BY W. K. GBEGOBY 

RELATIONSHIP OF THE GREAT BASIN AND GREAT PLAINS FAUNAS 
^Y E. L. TBOXELL 

An outline of paleobotanic work in progress on the Tertiary rocks of 
the West was presented by the author under the title 

^ A preliminary description of the skull and armor appeared in the Journal of Geolosy. 
vol. xxviil, no. 6, 1020. 
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PRELIMIXARY NOTES ON RECENT TERTIARY COLLECTIONS IN THE WEST 
BY RALPH W. CHANEY 

i Abstract) 

Coilections of fossil plants were made during the i>a8t summer under the 
auspices of the University of California. In the John Day Basin material was 
secured from three horizons, in which some new species are represented; sev- 
eral new localities were discovered, including one at the type locality of the 
Mascall formation, where the flora resembles that previously secured from the 
Mascall, buf contains a number of forms which indicate a swamp habitat. A 
collection from The Dalles group is of particular interest, since few fossils 
have been previously secured from this formation. The modem aspect of the 
leaves of this flora suggests its Pliocene or Pleistocene age. In the Sierras the 
Auriferous Gravels were visited, and limited collections made; these will be 
supplemented by collections during the coming field season, which will, It Is 
hoped, establish the age or ages of the various gravel deposits. 

The final paper on the program was given by President Loomis, who 
presented a discussion of the Lower Harrison Oreodonts, and especially 
the criteria for the determination of species and genera, under the title 

LOWER HARRISON OREODONTS 
BY F. B. LOOMIS 

At 11.30 a. m. the Society adjourned. 

Under the leadership of E. S. Riggs, the members then had the pleas- 
ure of a visit to tlie Field Museum, where several hours were spent in 
viewing the new building and in studying the exhibition collections and 
their installation. 
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Minutes of the Tenth Annual Meeting of the Pacific Coast 
Section of the Paleontological Society 

By Chester Stock, Secretary 

The tenth annual meeting of the Pacific Coast Section of the Paleon- 
tological Society was held in conjunction with the Cordilleran Section, 
Geological Society of America, at Seattle, Washington, June 18, 1920. 
The societies participated in the fourth annual meeting of the Pacific 
Division, American Association for the Advancement of Science. 

The meeting was called to order by Dr. E. L. Packard in the Science 
Hall of the University of Washington. 

As an item of business, it was moved and carried that the new officers 
of the Paleontological Society should be voted on by mail at a later date 
determined by the Secretary. 

READING OF PALEONTOLOGICAL PAPERS 

The following paleontological and geological papers were then read : 

A STUDY OF THE FAUNA AND STRATIGRAPHY OF THE BRIONEB FORMATION 
OF MIDDLE CALIFORNIA 

BY PABKEB DAVIE8 TBASK 

{Abstract) 

The Brlones was formerly regarded as a part of the Monterey series (Lower 
and Middle Miocene), but the results of recent work have indicated that it is 
probably the lowest part of San Pablo series (Upper Miocene). The Briones 
deposits are found in an area of some 50 miles radius in the vicinity of San 
Francisco. Its sediments are chiefly sandstones, with some shales intercalated 
in the upper part of the formation. The thickness of the Briones varies from 
500 to 2,300 feet. 

There is no apparent difference in dip and strike between the Briones and 
the formations above and below, but there is usually a marked lithologic 
clia'nge, and irregular contacts with Pholas borings have been found between 
it and the over and under lying formations. 

A study of the faunal evidence indicates a closer relation to the San Pablo 
than to the Monterey. Out of 70 determinable species found in the Briones, 
11, or 15 per cent, extend into the Monterey, but only one of these 11 species 
is peculiar to these two formations, while 39 species, or 56 per cent, occur in 
the San Pablo, of which 19 species are peculiar to the Briones and the' San 
Pablo. A large number of these 19 species are highly ornamented gastropods. 
This indicates that the Briones is probably a part of the San Pablo series. 
However, considering that there are 29 species, or 41 per cent, found only in 
the Briones, and only 6 species peculiar to the Briones and the Lower San 
Pablo group, and because of the stratigraphic evidence mentioned above, the 
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indication is that the Briones is a separate minor cycle of deposition. Thia 
would make the San Pablo series consist of three minor cycles of deposition— 
Briones, "Lower San Pablo/* and "Upper San Pablo/' 

PHYSICAL AND ECONOMIC GEOGRAPHY OF OREGON 
BY WARBEN DU PRE SMITH 

( Abstract) 

The paper, which is not yet completed, though practically all the chapters 
are in first draft, is the result of several years' work in Oregon on the part of 
the author and embraces as complete a survey of the existing literature as 
can be found dealing with the subject. The table of contents appended will 
give an idea of the subject-matter. A great deal of the data in this paper has 
never yet appeared in print and some. of the material drawn on from the 
literature has received new interpretation. 

Among the chief i)oints emphasized in this research is the influence of 
physiographic and climatic (particularly those of light and winds) features 
in Oregon; the part played by geographic location in Oregon's history and 
development Still another theme is the matter of relationship of political 
and physical boundaries. The land problem in Oregon is taken up under such 
heads as the reserve lands, the logged-off lands, the arid lands, the undrained 
lands. There is a chapter on the geographic location of cities and some at- 
tempt is made to prognosticate, from a study of the geology and geography 
of the State, the future of Oregon's economic development. 

GEOLOGY OF PALESTINE 

BY REGINALD W. BROCK . 

LATE CENOZOIC MAMMALIAN REMAINS FROM THE MEADOW VALLEY REGION. 
SOUTHEASTERN NEVADA 

BY CHESTER STOCK 

(Abstract) 

J. E. Spurr, in a paper entitled "Descriptive geology of Nevada south of 
the fortieth parallel and adjacent portions of California," has directed atten- 
tion to the Pliocene continental deposits occupying an extensive territory in 
the Meadow Valley region of southeastern Nevada. The determination of age 
of these beds was, however, not based on paleontological evidence. 

Two areas are now known in this province of Nevada where well exposed 
sedimentary deposits have yielded mammalian remains. The northern area 
comprises Meadow Valley, an intermontane inclosure bounded on the west by 
the Highland Range, on the east and south by the Mormon Range, and on the 
north by the Pioche Range. Near the village of Panaca, Lincoln Ctounty, Ne- 
vada, the deposits in which mammalian remains occur consist of red-brown 
and green colored sands and clays. Cross-bedded sands and gravels as well as 
tuffaceous materials are also present. The beds show the effect of slight fold- 
ing. Several series of terraces are developed in these sediments. The mam- 
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malian fauna consists of a camel, possibly Pliuuchenia, an advanced typ»e of 
horse related either to PHohipput or to Equua, and a rhinoceros. The fauna 
suggests that the deposits are of Pliocene age. The mammal-bearing sediments 
of Meadow Valley may be known as the Panaca beds. 

Approximately 80 miles south of Panaca, in Meadow Valley, a second series 
of mammal-bearing /deposits is exposed, in Muddy Valley. These beds are 
mapped by Spurr as Pliocene. Between the villages of Overton and Logan, 
Lincoln County, Nevada, and on the southwest side of the Muddy River, the 
deposits consist of well indurated sands and clays, red or light brown in color. 
They rest unconformably on a series of beds that are presumably of early 
Tertiary age. The mammal-bearing sediments of Muddy* Valley are also ter- 
raced. In the well indurated sands and clays a small collection of mammalian 
remains was secured. Camels and apparently a horse are the only members 
of this Tertiary fauna. The forms differ from those found In the Panaca 
beds. The faunal difference suggests that the northern and southern deposits 
are not of same age. Possibly the mammal-bearing beds of Muddy Valley, 
which may be designated the Muddy Creek beds, are earlier in age than the 
Panaca deposits. 

^ CORRELATION OF THE EMPIRE FORMATION, OREGON 

BY HENRY V. HOWE 

(Abstract) 

1. The Empire fauna is Lower Pliocene in age because the Wildcat, Merced, 
Purisslma, and other Lower Pliocene formations of California, whose position 
in the Tertiary is already recognized, contain many highly ornamented species 
of mollusca common to the Empire. Pliocene age of the Empire is Indicated 
also by the presence of the genus Dendraster. 

2. The Coos conglomerate, lying with Irregular contact on the Empire beds, 
is also of Pliocene age. 

OBSERVATIONS ON THE SKELETON OF THE CAVE BEAR, ARCTOTHERIUM 

BY JOHN C. MERRIAM 

CORRELATION AND PALEOOEOORAPHY OF THE MARISE TERTIARY DEPOSITS 

OF THE WEST COAST 

BY BRUCE L. CLARK 

(Abstract) 

The introduction to the paper considers the methods and principles of corre- 
lation applied to the problem of marine beds of the Pacific coast. The main 
part of the paper will discuss a proposed tentative correlation table, with ac- 
eom]>anylng pal^ogeographic maps. 
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OBOLOOW OCCURRENCE OF THE H ARDOR AVE JURASSIC FAUX A OF BURSl 

OREGON ■ 

BY E. L. PACKARD AND B. N. NELSON 

(Abstract) 

The lower Jurassic of eastern Oregon has heretofore been known only 
through the meager fauna early obtained by Thomas Condon from Sllvies 
Oanyon, Harney County. The fauna was recently found to occur in a series 
of sedimentary and associated intrusive rocks outcropping only within tbe 
canyon of Silviea River. This series includes red impure limestone, light- 
colored limestone, fine-grained shale, arenaceous shale, arkosic sandstone, and 
basic intrusives. The fauna of nearly fifty species is mainly confined to the 
red impure limestone, though occasional specimens were found in the shale 
members. The beds apparently are dipping steeply southward and are oncon- 
formably overlain by supposed Columbia River lava. 

AN ADDITION TO THE MARINE MAMMALIAN FAUNA OF NEWPORT, ORSOOS 

BY E. L. PACKARD 

(Abstract) 

The Newport region of Lincoln County, Oregon, has already yielded teeth of 
Desmostylus sp., obtained by Condon from the beach of Taqulna Bay ; a sknll 
of Destnatophoca oregonensis Condon, and recently discovered cetacean re- 
mains. Stratigraphic studies make it apparent that these mammalian speci- 
mens were all derived from the Monterey Miocene, which is well exposed at 
Newport and which has yielded a characteristic invertebrate fauna. A nearly 
complete cetacean skull, lacking the distal ends of the mandibles and portions 
of the squamosals; a number of vertebrae, several ribs, and various elements 
of the pectoral girdle, including fairly well preserved scapulae, were found In 
the ocean beach west of Newport. Preliminary studies indicate that this speci- 
men should be referred to the Balsenidse, but its generic position is as yet 
undetermined. 

TRIOONINAi OF THE PACIFIC COAST OF NORTH AMERICA 
BY E. L. PACKARD 

(Abstract) 

The oldest Trlgonia fauna of the west coast of North America occurs in the 
Hardgrave Ix)wer Jurassic of Taylorsville, California. The group Clavellate 
and Costatff are represented by the two species, both of which are related 
to southern Asiatic forms and one of which may well be taken as ancestral to 
a Middle Jurassic species. The third group of the genus, the Undulate, is 
represented In the Middle Jurassic of the Cordilleran region, while the Glabne, 
ScabrsB, and Scaphoidea are known from the Mormon Jurassic of California. 
The genus is not represented in the KnoxvlUe Cretaceous. The Horaetown 
and Chlco faunas include 12 species and one variety, seven of which are new. 
One of these is considered a new variety of a Japanese species. 
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PECCARY FROM RANCHO LA BREA 
BT JOHN C. MERBIAM AND CHR8TER STOCK^ 

(Abatract) 

Peccary remains from Rancho La Brea indicate the presence of the genus 
Plfitygonus, The species is closely related to P. leptorhinus and P. compreasus. 
It may, however, be specifically or subspeciflcally distinct from known North 
American forms of the Pleistocene. 

Meeting adjourned. 

ELECTION OF OFFICERS 

Besults of an election of officers held during October, 1920, indicate 
that the following selections were made : 

President, Dr. E. L. Packard, University of Oregon, Eugene, 

Oregon. 
Vice-President, Prof. B. L. Clark, University of California, 

Berkeley, California. 
Secretary, Dr. Chester Stock, University of California, Berkeley, 

California. 
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CONSTITUTION AND BY-LAWS OF THE PALEONTOLOGICAL 

SOCIETY 



CONSTITUTION 
Abticle I 

NAME 



This Society shall be known an The Paleontolooical Society. It is affil- 
iated with and forms a section ^f the Geological Society of America. The 
two societies shall, as a rule, meet together. 

Abticle II 

OBJECT 

The object of this Society is the promotion of the Science of Paleontology. 

Abticle III 

MEIIBEBSHIP 

The Society shall be composed of Fellows, Members, Correspondents, and 
Patrons. 

1. Fellows shall be jiersons who have published results of paleontologlcal 
research, and who upon nomination by the Council have been duly elected to 
fellowship by the Geological Society of America. 

2. Members shall be persons not Fellows who are engaged or intere.<«ted in 
paleontologlcal work. 

3. Correspondents shall be persons distinguished for their attainments in 
Paleontology and not resident in North America. 

4. Patrons shall be persons who have bestowed important favors upon the 
Society. Election to patronship carries with it the rights and privileges of 
Members. 

5. Fellows, Members, and Patrons are entitled to vote, but only Fellows are 
eligible to office in the Society. 

Abticle IV 

OFFICEBS 

1. The Officers of the Society are a President, three Vice-Presidents, a Secre- 
tary, a Treasurer, and an Editor. 

These officers constitute an Executive Committee to be cal1e<l the Council. 

2. The President shall discharge the usual duties of a presiding officer at 
all meetings of the Society and of the Council. He shall take cognizance ot 
the acts of the Society and of its officers, and cause the provisions of the 
Constitution and By-Laws to be faithfully carried into effect. The President 
shall also represent The PALEONTOLOsfCAi/ SocfETY in the Council of the Geo- 
logical Society of America. 

(150) 
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3. The Vice-Presidents, in the order of their precedence, shall assume the 
duties of President in case of the ahsence or disability of the latter. 

The three Vice-Presidents represent respectively the three chief branches of 
paleontology, and it shall be the duty of each to look after the interests and 
preside at the meetings of the section which he represents. 

4. The Secretary shall keep the records of the proceedings of the Society, 
and a complete list of the Fellows, Members, Correspondents, and Patrons, 
with the dates of their election to and separation from the Society. He shall 
also be the Secretary of the Council. 

The Secretary shall cooperate with the President in attention to the ordinary 
affairs of the Society. He shall attend to the preparation, printing, and mail- 
ing of circulars, blanks, and notifications of elections and meetings. He shall 
superintend other printing ordered by the Society or by the President, and 
shall have charge of its distribution, under the direction of the Council. 

The Secretary, unless other provision be made, shall act as Librarian, and 
as Custodian of the property of the Society, except as provided for In Article 
IV, section 6. 

5. The Treasurer shall have the custody of all funds of the Society except 
the fees of Fellows. He shall keep account of receipts and disbursements in 
detail, and this shall be audited as hereinafter provided. 

6. The Editor shall supervise all matters connected with the publication of 
the transactions of the Society under the direction of the Council. He shall 
also be the keeper of all publications sent to the Society. 

7. The Coyncil is clothed with executive authority and with the legislative 
powers of the Society in the intervals between Its meetings; but no extra- 
ordinary act of the Council shall remain In force beyond the next following 
stated meeting without ratification by the Society. The Council shall have 
control of the publications of the Society, under provisions of the By-Laws 
and of resolutions from time to time adopted. They shall receive nominations 
for Fellows, Members, Correspondents, and Patrons, and, on approval by them, 
shall submit such nomination to the Society for action. They shall have 
power to fill vacancies ad interim In any of' the oflSces of the Society not other- 
wise provided for. 

8. Terms of Office. — ^The President and Vice-Presidents shall be elected an- 
nually. The President shall not be eligible for re-election until after an inter- 
val of three years from retirement from office. A Vice-President is eligible 
for re-el#;tion not more than once within such Interval. 

The Secretary, Treasurer, and Editor shall be eligible to re-election without 
limitation. 

Article V 

VOTING AND EIJCCTIONS 

1. All elections shall be by ballot. To elect a Fellow, Member, Correspond- 
ent, or Patron, or impose any special tax, shall require the assent of nine- 
tenths of all persons voting. 

2. Voting by letter may be allowed. 

3. Election to Membership. — Nominations for all classes of membership must 
be made by two Fellows according to a form to be provided by the Council. 
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One of these Fellows must be personally acquainted with the nominee and his 
qualifications for membership. The Ck)uncil will submit the nominations re- 
ceived by them, if approved, to a vote of the Society in the manner provided 
in the By-Laws. The result may be announced at any stated meeting; after 
which notice shall be sent out to the elect. 

4. Election of Officers. — Nominations for office shall be made by the Council 
or otherwise as provided for in the By-Laws. The nominations shall be sub- 
mitted to a vote of the Society in the same manner as nominations for mem- 
bership. The results shall be announced at the annual meeting; and the 
officers thus elected shall enter upon duty at the adjournment of the meeting. 

Abticle VI 

MEETINGS 

1. The Society shall hold at least one stated meeting a year in the winter 
season. The date and place of this meeting shall be fixed by the Council, and' 
announced each year within three months after the adjournment of the pre- 
ceding winter meeting. The program of such meeting shall be •determined by 
the Council in conjunction with the Council of the Geological Society of Amer- 
ica and announced beforehand, in its general features. The details of the 
daily sessions shall be arranged by the Council of this Society. 

2. The winter meeting shall be regarded as the annual meeting. 

3. Special meetings of the Society as a whole Or of any of its sections as 
sectional meetings may be called by the Council, and must be called upon the 
written request of ten Fellows, for a general meeting and of five Fellows for 
any of its sections. 

4. The stated meetings of the Council shall be held coincidently with the 
stated meeting of the Society. Special meetings may be called by the Presi- 
dent at such times as he may deem necessary. 

5. Quorum. — At meetings of the Society a majority of those registered hi 
attendance shall constitute a quorum. Four shall constitute a quorum of the 
Council. 

Article VII 

PUBLICATIONS 

The publications of the Society shall be under the immediate cont^jol of the 
Council. 

Article VIII 

' amendments 

1. This Constitution may be amended at any winter meeting by a three- 
fourths vote of all the Fellows, provided that the proposed amendment shall 
have been submitted In print to all Fellows at least three months previous to 
the meeting. 

2. By-Laws may be made or amended by a majority vote of the Fellows 
present and voting at any annual meeting, provided that printed notice of the 
proposed amendment or by-law shall have been given to all Fellows at least 
three months before the meeting. 
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BY-IAWS 
Chapter I 

MBMBEBSHIP 

1. All Fellows of the Geological Society of America in good standing whose 
work is primarily in paleontology may, upon application to the Council of this 
Society, be elected without additional dues as Fellows of The Paleontological 
Society. Such Fellows, if Life Members of the Geological Society, will have 
no further dues to pay in The Paleontological Society. 

2. No person shall be accepted as a Fellow of The Paleontological Society 
unless he pay to the Geological Society of America the initiation fee and the 
dues for the year within three months after notification of his election. The 
initiation fee of Fellows shall be ten (10) dollars and the annual dues ten (10) 
dollars, payable on or before the annual meeting in advance ; but a single pre- 
payment of one hundred (100) dollars shall be accepted as commutation for 
life. 

The annual dues for Members shall be three (3) dollars. No person shall 
be accepted as a Member unless he pay the dues for the year within three 
months after notification of his election. The annual dues are payable to The 
Paleontological Society on or before the annual meeting. 

3. An arrearage in payment of annual dues shall deprive a Fellow or Mem- 
ber of the privilege of taking part in the management of the Society and of 
receiving the publications of the Society. An arrearage continuing over two 
(2) years shall be construed as notification of withdrawal. 

4. Any person eligible under Article III of the Constitution may be elected 
Patron upon the payment of one thoasand (1,000) dollars to the Society. 

Chapter II 

OFFICIALS 

1. The President shall countersign, if he approves, all duly authorized ac- 
counts and orders drawn on the Treasurer for the disbursement of money. 

2. The Secretary, until otherwise ordered by the Society, shall perform the 
duties of Editor, Librarian, and Custodian of the property of the Society. 

3. The Society may elect an Assistant Secretary. 

4. The Treasurer shall give bonds, with two good sureties approved by the 
Council, in the sum of one thousand dollars, for the faithful and honest per- 
formance of his duties and the safe- keeping of the funds of the Society. He 
may deposit the funds in bank at his discretion, but shall not invest them 
without authority of the Council. His accounts shall be balanced as on the 
thirtieth day of November of each year. 

5. The minutes of the proceedings of the Council shall be subject to call by 
the Society. 

6. The Council may transact its business by correspondence during the in- 
tervals between its stated meetings ; but afiirmative action by a majority of the 
Council shall be necessary in order to make action by correspondence valid. 
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CHAFTEB III 
EIJCCTXON OF MEMBEB8 

1. Nominations for all classes of membership may be proposed at any time 
on blanks to be supplied by the Secretary. 

2. The form for nomination shall be as follows : 

In accordance with his desire, we respectfully nominate for Fellow, Member, 
Correspondent, or Patron of The Paleontological Society : 

Full name; degrees; address; occupation; branch of Paleontology now en- 
gaged In ; work already done and publications made. 

(Signed by at least two B^eUows.) 

The form when filled is to be transmitted to the Secretary. 

3. The Secretary will bring all nominations before the Oundl, at the winter 
meeting of the Society. The Council will signify Its approval or dlsapproTal 
of each, and forward to the Council of the Geological Society of America all 
approved nominations to Fellowship. 

4. At least a month before the stated winter meeting of the Society the 
Secretary shall mall a printed list of all approved nominees for membership 
to each Fellow and Member, accompanied by such information as may be 
necessary for Intelligent voting, but an Informal list of the candidates shall be 
sent to each Fellow and Member at least two weeks prior to distribution of 
the ballots. 

5. The Fellows and Members receiving the list will signify their approval or 
disapproval of each nominee, and return the list to the Secretary. 

6. At the next stated meeting of the Council the Secretary shall present the 
lists and the Council will canvass the returns. 

7. The Council, by unanimous vote of the members In attendance, may still 
exercise the power of rejection of any nominee whom new information shows 
to be unsuitable for membership. 

8. At the next stated meeting of the Society the Council shall declare the 
results. 

Chapter IV 

ELECTION OF OFFICEBS 

1. The Council shall prepare a list of nominations for the several offices, 
which list will constitute the regular ticket. This ticket must be approved by 
a majority of the entire Council. The nominee for President shall not be a 
member of the Council. 

2. The list shall be mailed to the Fellows and Members, for their informa- 
tion, at least nine months before the annual meeting. Any five Fellows may 
forward to the Secretary other nominations for any or all offices. All sudi 
nominations reaching the Secretary at least 40 days before the annual meeting 
shall be printed, together with the names of the nominators, as special tickets. 
The regular and special tickets shall then be mailed to the Fellows and Mem- 
bers at least 25 days before the annual meeting. « 

3. The Fellows and Members shall send their ballots to the Secretary in 
double envelopes, the outer envelope bearing the voter's name. At the winter 
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meeting, of the Council, the Secretary shall bring the returns of ballots before 
the Council for canvass, and during the winter meeting of the Society the 
Council shall declare the result. 

4. In case a majority of all the ballots shall not* have been cast for any can- 
didate for any office, the Society shall by ballot at such winter meeting proceed 
to make an election for such office from the two candidates having the highest 
number of votes. 

Chapter V 

FINANCIAL METHODS 

1. No pecuniary obligation shall be contracted without express sanction of 
the Society or the Council. But it is to be understood that all ordinary, inci- 
dental, and running expenses have the permanent sanction of the Society, 
without special action. 

2. The creditor of the Society must present to the Treasurer a fully item- 
ized bill, certified by the official ordering it, and approved by the President 
The Treasurer shall then pay the amount out of any funds not otherwise ap- 
propriated, and the receipted bill shall be held as his voucher. 

3. At each annual meeting, the President shall call upon the Society to 
choose two Fellows or Members, not members of the Council, to whom shall be 
referred the books of the Treasurer, duly posted and balanced to the close of 
November thirtieth, as specified in the By-Laws, Chapter II, section 4. The 
Auditors shall examine the accounts and vouchers of the Treasurer, and any 
member or members of the Council may be present during the examination. 
The report of the Auditors shall be rendered to the Society before the adjourn- 
ment of the meeting, and the Society shall take appropriate action. 

Chapter VI 

PUaUCATIONS 

1. The publications are in charge of the Council and under its control. 

2. One copy of each publication shall be sent to each Fellow, Member, Corre- 
spondent, and Patron. 

Chapter VII 
the publication fund 
The Publication Fund shall consist of donations made in aid of publication. 

Chapter VIII 

ORDER OF business 

1. The Order of Business at winter meetings shall be as follows : 

(1) Call to order by the presiding officer. 

(2) Introductory ceremonies. 

(3) Report of' the Council (including report of the officers). 

(4) Appointment of the Auditing Committee. 
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(5) Declaration of the vote for officers, and election by the jneetio 

in case of failure to elect by the Society through transmittt 
ballots. 

(6) Declaration of the vote for Fellows. 

(7) Declaration of the vote for Members. 



Digitized by 



Google 



CH 

Oi 






£ 









w 



(A 

I 

CO 
CO 



E 

< 



"v 




Digitized 



byGoOgU 




. X 

\ 



Digitized 



by Google 



^ 



THE BR^OA, OR MOSS^ ANIMALS 




BT 

B. S. BASSLEB 

United 8tate$ Naiiondl Miueum 



FROM THE SMITHSONIAN REPORT FOR 1920, PAGES 839-380 
(WITH 4 PLATES) 




(PUBUGATION 2633) 



WASHINGTON 

GOVERNMENT PRINTING OFFICE 

1922 



Digitized 



by Google 




Digitized by VjOO^ l^ . 




THE BRYOZOA, OR MOSS ANIMALS. 



By R. S. Bassleb, 
United States NatUmat Museum, 



Page. 

Introdnctioii 339 

Goieral characters -840 

Classiflcatioii 842 

Collection and preparation for stady 844 

Methods of study 846 

Types of Bryozoa 850 

Subclass Entoprocta 850 

Subclass Ectoprocta 851 

Superoider Phylactolaemata.- 851 



[With 4 plates.] 

CONTENTS. 

Page. 



Types of Bryozoa — Continued. 

Buperorder Gymnolaemata , 858 

Order Ctenostomata 858 

Order Cydostomata 856 

Order Trepostomata 359 

Order Cryptostomata 368 

Order Cheilostomata 364 

Distribution of the BryoBoa 875 

Stratigraphic yalue 876 



INTRODUCTION. 

To the layman the paradoxical term "moss animals" has little 
significance, and even to the scientific student this, or its Greek 
equivalent, "Bryozoa," is often no more than a name. Yet these 
microscopic animals, growing often into mosslike colonies, are ex- 
tremely abimdant in the present-day seas at all latitudes, and their 
fossil remains are equally common and widespread in almost all the 
sedimentary rocks since early geologic times. Notwithstanding this 
great development in both the past and the present, the study of the 
bryozoa has always been limited to a comparatively few specialists 
who have been unable to overcome the popular belief that this group 
of animals presents too difficult a problem for any but the expert 
willing to spend a lifetime of research upon them. This belief has 
been strengthened by the fact that practically all of the published 
works upon the bryozoa are of a highly technical nature and usually 
deal with some special subject. In none of them is there a review in 
relatively simple language of the class as a whole. The present article 
has been prepared in an endeavor to remedy this condition. Descrip- 
tions and illustrations of typical examples of the various types of 
bryozoa, both fossil and recent, the methods employed in studying 
them, and the interest and value of this study from various stand- 
points are presented in the hope that the class will in future receive 
the attention that it deserves. 
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The bryozoa are perhaps best known to-<|a^x>m the paperlib 
fronds called " sea mats " and the mosslike struMures tossed upon oar 
seacoasts. These are not plants as was long supposed but are animal 
colonies consisting of a great number of small eells opening side by 
side. 

Before their true nature was learned these organisms were placed 
in a halfway group termed "zoophytes," partly animal and partly 
plant. The coral-like appearance of the calcareous bryozoa ga^e 
origin to another term " corallines.'' When it was discovered, how- 
ever, that each individual cell of the composite colony contained an 
animal with a complete alimentary canal totally unlike the corals or 
any other group with which they had been compared, the name 
"Bryozoa" was definitely introduced for them as a new group of 
animals by C. G. Ehrenberg in Germany ia 1831. Another term, 
" Polyzoa," applied by J. B. Thompson in Ireland in 1830, was not 
so precisely defined, and a long controversy arose concerning the 
two rival terms. This has been settled by a curious division of opin- 
ion, namely, the term " Polyzoa" is preferred by most English natu- 
ralists, but all of the continental and American authors employ the 
designation " Bryozoa." 

GENERAL CHARACTERS. 

The bryozoa are small, composite, usually marine animals arising 
from a free-swimming larva which becomes attached to some foreign 
object and then develops into the primary individual or cmcestruUL 
By repeated budding from the ancestrula, colonies of various shapes 
and sometimes considerable size arise. Each individual animal or 
zooid is composed of a double-walled membranaceous or calcareous 
sac, the zooeciurrij within which is the visceral mass, the polypide^ 
consisting of a freely suspended alimentary canal U-shaped so that 
the mouth and anus open close to each other. The mouth is sur- 
rounded by the lopTiophore^ bearing a crown of hollow, slender, 
ciliated tentacles arranged in a circle or crescent by which nii(70- 
scopic organisms such as diatoms are gathered for food. Both sexes 
are usually combined in the same zooid. It is a curious fact that 
the same zooecium may be inhabited at different times by different 
polypides. 

The colony which the individual zooids form is known technically 
as the zocmum; it presents a great variety of form and structure, 
although the form is quite constant in individual species. Very fre- 
quently the zoaria grow over shells, stones, or other bodies, forming 
delicate incrustations of exquisite patterns. By the superposition 
of many such incrustations, hemispherical, globular, nodular, or ir- 
regular masses, often of considerable size, may result. Again, the 
zoaria may arise in fronds or branching stems, and at other times 
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they fonn apen-'mfdSd lacefrork of the most regular and beautiful 
patterns. Most bryozoa are attached either basally or by the greater 
part of their surfaoe to extraneous objects or are moored to the bot- 
tom by rootlike appendages. In many forms the zoarium is regu- 
larly jointed to give greater mobility. 

The individual zooids of the zoarium conform to a simple and 
definite type of structure throughout the class. The soft parts of the 
animal consist of an alimentary canal with three distinct regions 
discernible— esophagus, stomach, and intestine. The alimentary 
canal is inclosed in a sac and bent upon itself so that the two ex- 
tremities are dose to each other. The mouth, or oral opening, is 
either entirely or partially surrounded by a row of slender, hollow, 
ciliated tentacles which serve for respiration and for sweeping food 
toward the mouth. The two large divisions under which the bryozoa 
are classed (Entoprocta and Ectoprocta) are based upon the position 
of the anal opening. In most cases the anal opening is situated with- 
out the row of tentacles (Ectoprocta) ; rarely it is placed within 
this row (Entoprocta). A heart and vascular system are wanting, 
but there are numerous leucocytes floating in the general cavity. A 
nervous ganglion is present between the mouth and anus and sends 
delicate nerve filaments to the tentacles and esophagus. The upper 
part of the sac is generally flexible and can be invaginated through 
the action of numerous longitudinal and transverse muscles which 
traverse the fluid-filled visceral cavity. 

The reproductive organs are developed in various parts of the 
body cavity, although the spermatozoa occur usually in the lower 
and the ova in the upper part The ova may be developed in a 
special receptacle, in an inflation of the surface, or in a modified 
zooecium. The general term ooecium or ovicell is applied to all 
of these structures. 

The above general description of the anatomy of the bryozoan 
applies, with certain exceptions, to all divisions of the class, and 
more modification in structure is to be observed in the protective 
covering or home of the animal, the zooecium, than in the animal 
itself, the polypide. The accompanying diagram of the anatomy 
of a single zooecium (text fig. 1), with its polypide retracted, will 
illustrate this general structure. The mouth leads into the ciliated 
pharynx, and this into the esophagus, followed by the stomach, 
which in turn passes into the intestine, and this through the rectum, 
conununicates with the exterior by the anus. When retracted the 
tentacles lie in a cavity, the tentacle sheath, which opens to the 
exterior by the orifice. 

Many bryozoans exhibit, attached to the zooecium, organs re- 
sembling a bird's head, termed " avicularia,'' and other bristlelike 
appendages named ^' vibracula." The jaws of the avicularia open 
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and close with a snapping motion, %hich "j^ given rise to the 
probably erroneous idea that they are organs of defense. These 
two organs are mentioned in more detail in the consideration of the 
cheilostomatous bryozoa. Both the avicularia and vibracula are 
incapable of preservation in the fossil state, but their former pres- 
ence is indicated by the poreUke excavations in which they lodged. 
The extended polypide is withdrawn into the zooecium by the 
contraction of retractor muscles attached to the tentacular crown. 
In the bryozoa with flexible zooecia the contraction of the body 
walls by parietal muscles produces protrusion of the polypide, but 
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Fio. 1. — ^An^tomy of the polypide. Diagram sbowing the anatomy of 
a single zooeclnm of Aloponidium alhidum Alder, highly magnified, 
with its polypide retracted. (After Pronho.) 

in the rigid calcareous zoaria the means for protrusion are more 
complicated as explained under the Cheilostomata. 

The zooecium, the protective covering of the polypide, varies so 
much in structure that its description is reserved for the discusmon 
of each order. 

CLASSIFICATION. 

The first serious attempt at a classification was made by D'Or- 
bigny,* whose wide acquaintance with recent and fossil bryozoa has 
perhaps been equaled by no subsequent writer. But the system he 
devised was so largely artificial and burdened with so perplexing » 

1 1860-1852. lyOrUgny. Paldoatologld francaise^ Tersain Crdtac^ VoL V. 



Digitized 



by Google 



J 



THE BBYOZOA — ^USSUSB. 848 

nomenclature that ^ f aile<)' to gain acceptance. The labors of 
Nitsche, AUman, and Busk have fixed the principal groups. To 
Nitsche' is due the division inta the -two groups Ectoprocta and 
Entoprocta, the latter containing only a few, singular genera such 
as PediceBma and Loxosoma. AUman" formed tiie orders Phylac- 
tolaemata and Gymnolaemata, the latter including most of the 
biyozoa and all forms capable of preservation as fossils. Busk's 
suborders Cheilostomata, Cyclostomata, and Ctenostomata'* are now 
generally accepted as orders. To these Ulrich, in 1882,'* added the 
Trepostomata, to include, besides uncontested bryozoa, a number of 
forms which had been generally regarded as corals; and Vine, in 
1883," added the Cryptostomata, which like the Trepostomata is 
known only from fossil forms. 

The bryozoa and the brachiopoda are considered as constituting 
the phylum Molluscoidea, although some authors believe there is no 
relationship between them and regard the bryozoa as representing a 
distinct phylum. The two large subdivisions of the bryozoa, Ecto- 
procta and Entoprocta, based upon the position of the anus with 
reference to the tentacles, have been mentioned before. These sub- 
classes differ widely from each other in many respects and here again 
some authors believe they are not even distantly related. However, 
the great majority of these animals belong to the Ectoprocta and 
under this to the superorder Gymnolaemata. Five orders of Gym- 
nolaemata are known, of which the Cheilostomata is perhaps the 
largest in number of species. The relations of these various clasai* 
ficatory terms are expressed in the following table: 

Phylnm MOLLUSCOIDBA. 

Class BRYOZOA. 

Subclass ENTOPEOCTA. 

Row of tentacles circnlar, indosiiig both the month and anal orifice. 

Subclass ECTOPROCTA. 

The tentacles surronnd the mouth only. 

Superorder PHYLAOTOLAEMATA. 

Fresh-water Ectoprocta with the tentacles arranged In horseshoe shape and 
the month protected by an overhanging Up. 

Superorder GYMNOLAEMATA. 

Almost exclusively marine Ectoprocta with a drcnlar row of tentacles sur- 
rounding the mouth, which is at their center. 

>1868. Nitsche. Beitacfarift fOr wleBenBchafOlcfae Zoologies Vol. XX. 

•1856i Allman. Monograph of the Fteshwater P<Hyioa, pi 10. 

* 1852. Busk. British Museam. Catalogne of Mariaye Polyzoa. 

■ 1882. Ulrich. Journal Cincinnati Society Natural History, VoL V, JK 161. 

•ISSa. Yineb B^ort British Assodatloti Advanoem«iit Sdenoe^ p. 19^ 
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Old» 1. CTBN0810MATA. ^ 

Zooecia geUtinotis or chitinous with toothlike processea resembling a eoah 
closing the aperture when the lentaoles are retracted. Range, Paleoooic to 
Recent 

Order 2. CYCLOSTOMATA. 

Zooecia calcareous and tubular with a circular aperture. Range, Paleocolc to 
Recent 

Order 3. TREPOSTOMATA. 

Zooecia calcareous and superposed upon each other so as to form long tabes 
intersected by straight or curved partitions, and showing an axial, immature 
zone and a peripheral, mature zone. Monticules or maculae of larger or smaller 
ctils distributed on the surface at regular intervala Range, Paleozoic only. 

Order 4. CRYPTOSTOMATA. 

Gynmolaemata differing from the Trepostomata in that the primitive part of 
the tube is usually much shorter and the passage to the mature region Is more 
abrupt Triparietal genunation. Probably the Paleozoic represaitatives of ti» 
CheiloBtomata. 

Order 5. OHBILOSTOMATA. 

Zooecia calcareous or chitinous with the aperture closed when the polypidt 
Is retracted, by a chitinous lip or operculum. Range^ Mesosoic to Recent 

COLLECTION AND PREPARATION FOR STUDY. 

In view of their abundance in the sedimentary rocks and in the 
recent seas, collecting specimens of bryozoa is a simple matter al- 
thou^ certain features of it should be mentioned. With regard 
to the fossil forms, bryozoa are practically wanting in most sand- 
stone strata, but beginning with the Ordovician there is scarcely a 
limestone formation, especially if it has shale alternations, in which 
they are not abundant. Generally the specimens are calcareous, and 
in this condition are easily sectioned for study under the micro- 
scope by the method mentioned later. Sometimes, however, they 
are found silicified and the internal structure is, to a certain exteut, 
obliterated so that they can then rarely be successfully sectioned for 
study. Such specimens, however, frequently preserve the surface 
characters with great fidelity. In certain strata their substance has 
been dissolved away leaving a perfect mold in the matrix. A gutta- 
percha impression of this mold will often give a very satisfactory 
idea of the exterior of the original fossil. 

The best specimens are usually obtained from the shales between 
or just above or below limestone layers. The smaller forms may be 
obtained free by carefully washing the shales and picking them out 
from the debris. Some kinds of shales or clay will wash away b^ter 
if first allowed to become thoroughly dry. Others do better after 
thorough soaking in water. 

Often the surface characters are obscured by the clayey matrix 
This may be removed by the use of caustic potash (KOH in stick 
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form). The deliqa^Bcence of small pieces of this sabstanoe, which 
needs to be handled gingerly with unprotected hands, laid upon the 
fossil looeens the clay, which is then easily brushed off. Some work- 
ers accomplish the same result by placing their specimens in a satu- 
rated solution of Glauber's salts, which, in crystallizing, also loosens 
the clay. To prevent continued action of the small amount of caustic 
potash still remaining the specimen must be carefully neutralized 
by washing in water containing very dilute hydrochloric acid. 

The Paleozoic species usually belong to the so-called stony bryozoa 
(pi. 1) in which the zoarial fragments are large enough to be readily 
visible to the collector. In weathered outcrops these fossils occur as 
twiglike fragments or lace-like fronds, often so numerous that they 
can be gathered in large quantities. The solid limestone, such as, 
for example, the well-known Tennessee marble, is often crowded 
with branching and rounded fragments of stony bryozoa, which can 
not be broken out of the rock without destroying the form of the 
zoariunu Fortunately these can be identified by thin sections just 
as readily as the free specimens. 

Mesozoic and Cenozoic bryozoa occur in unconsolidated sediments 
more frequently than in the Paleozoic, so that free specimens are 
very easily obtained. However, although these bryozoans often occur 
hterally by the millions in a stratum, they are usually so inconspicu- 
ous as to be unnoticed by the average collector. When these fossils 
are present, a careful examination of a weathered outcrop will almost 
invariably reveal a few minute twiglike stems or porous, flattened 
fragments projecting from the surface. Further search along the 
outcrop, especially along a seam in the rock, is very liable to result 
in the discovery of many such fragments (pi. 2). 

As most of the post-Paleozoic bryozoa occur in soft limestone or 
marls, the collection of the material for study consists simply in scoop- 
ing up a large amount of the loose rock containing these fragmentary 
remains. If the specimens are found in a hard, indurated rock it is 
usually only a matter of seandi to find a spot where the matrix 
has decomposed, leaving the soil filled with free specimens. In any 
case it is not advisable to pick up the specimens one by one, not only 
on account of loss of time but also of breakage. On arriving at the 
laboratory the clay or other rock holding the bryozoans should be 
allowed to soak in water for some hours. The material may then be 
agitated and the muddy water poured away. Continuing this proc- 
ess until the agitated water no longer becomes muddy, the. residual 
mass is set aside to dry. The debris when dry is then ready for 
assorting, although passing it through several sieves of different 
mesh greatly facilitates the separation of the contained fossils. 

When bryozoa are quite rare in any exposure it is well to do noost 
of the sieving in the field, if possible. For example, the interesting 
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lowest Eocene fauna secured at Upper Marlboro, Maryland, iras 
collected only after several days' active work of sieving the sand; 
and a small pill box was suilci^it to hold the entire result& 

In case these fossils can not be found in soft rock it is often still 
possible to obtain good specimens for study. A comparatively hard 
fossiliferous rock, when crushed in a sack with a wooden mallet, 
will often afford fairly well-preserved fossils after the debris has 
been washed and sieved as mentioned above. In such a case tiiebiyo- 
zoans, although likely to be broken into smaller fragments than 
usual, are generally well enough preserved for accurate determina- 
tion. If the rock is calcareous and too hard to yield to such treat- 
ment, thin sections may be employed to determine the bryozoa. 

The separation into qiecies of the fragmentary specimens resulting 
from the washings can be made with an ordinary hand lens, magni- 
fying 8 or 10 diameters. The identification of these species can also 
be made under such a lens providing the Species have already been 
well described and illustrated. In the identification and diax>vei7 
of the characters of new species, however, a higher magnificaticm is 
necessary. 

Bryozoa in the recent seas are collected in quantity by dredging 
(pi. 2), although a thorough search of seaweeds and shells cast upon 
the beach or of piling and other structures exposed at low tide will 
reveal th^n in considerable numbers. A prolific source of bryosoa 
for the student is the conomon oyster and clam of Eastern marioeta 
Many of the specimens secured in the above ways are dead, that is, 
they contain no living polypides. The study of such bryozoa follows 
the various methods indicated for the fossil forms. Specimens re- 
taining the polypide may be preserved in alcohol or f<H-maldehyde 
for an indefinite time before the structure of the animal itself is loet 
After decalcifying and embedding in paraffin, thin sections of sadi 
specimens may be cut with the microtome as usual for tissues. If tiie 
removal of the animal matter is desired in order to study liie zooecia 
unobscured, boiling in Javelle water as described below is necessary. 

MBTHODS OF STUDY. 

The relationship between the polypide or living animal and ti» 
zooecium or home which it secretes for itself, is such that the study 
of recent bryozoa embraces two distinct processes, first that dealing 
with the anatomy of the jK)l3rpide itself interpreted by the usual 
histological methods, and second, the determination of the structures 
belonging to the zooecia. The first is a subject upon which much re- 
mains to be done and the attention of biologists is directed to it as a 
favorable field for research. The second will be discussed in some de- 
tail here because the classification of the bryozoa and the identifica- 
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tion of the fossil forms particularly, is based upon the zooecial 
structure. 

On account of the compound calcareous colonies which many of 
the bryozoa build, thin sections are a necessity in the study of some 
of the orders, particularly the Trepostomata and Cryptostomata or 
fossil stony bryozoa. Again the zoaria of many of the Cyclostomata 
are so similar to those of the Trepostomata that thin sections are here 
again required, while even in the Cheilostomata they are frequently 
needed. The preparation of thin sections is described in a subse- 
quent paragraph. 

In the Cheilostomata the form of the chitinous appendages such 
as the operculum and the mandible of the avicularium is an essential 
feature, and hence the preparation of these structures for examination 
under the microscope as well as other preparations as described on 
p. 871, are necessary in detailed study. 

Ja/oeOs water, — The various zooecial structures in the recent bryozoa 
are sometimes obscured by the ectocyst, the chitinous membrane 
covering the zoarium and by remains of the animal tissue. These are 
removed by boiling in Javelle water ,^ whereupon the specimen as- 
sumes the aspect of the fossil forms in which naturally all of the 
chitinous and fleshy parts of the organism have disappeared. 

Ammomurn-cMoride process. — ^The zoaria of many recent bryozoa 
are so semitransparent or glasslike that the various zooecial struc- 
tures can be observed only with difficulty. However, they may be 
brought out in great perfection and clearness by whitening the sur- 
face with ammonium chloride. A simple apparatus for this pur- 
pose is illustrated in fi^re 2. By blowing through the mouthpiece, 
M, the fumes of hydrochloric acid (HCl) and ammonia (NH^OH) 
wiU unite at the outlets of the tubes, O, and form a white sublimate 
of ammonium chloride upon any object held at this point. This 
sublimate can be deposited upon the object in such a uniform, thin 
film, varying in color according to its thickness, from a light blue to 
an ivory white, that all the details of structure are reproduced per- 
fectly and can be viewed under the microscope without exhibiting 
any crystalline structure of the ammonium chloride. By this process 
the minute sculpturing or structures scarcely visible on the corneous 
or transparent calcareous colony are brought out in clear relief. 
While this whitening process is a great aid in the preliminary study 
it is almost indispensable in the illustration of recent bryozoa by 
photography. Fossil bryozoa also lend themselves admirably to this 
process of study and illustration. It may be remarked that the am- 

* JaT^De water can lunmUy be obtainefl from any drnggist; bat It la easily prepared by 
diaHolTlng 1 pound of wastalDg soda In 1 quart of cold water and adding to thla one-quarter 
pound of ordinary bleaching powder (calcium hypochlorite). After filtering, the solution 
ahoold be kept in a tightly dosed bottle. 
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monium-chloride deposit can be removed by simply blowing the 
breath upon the object so coated. The hydrochloric acid and am- 
monia used should be of great strength to secure the best results. 
Small quantities only should be employed so that the bottles can be 
emptied and dried frequently, as the reagents not -only absorb mois- 
ture but lose their strength in a day or two of use. 

Thm sections. — ^The preparation of satisfactory sections is not 
difficult but some experience and care are required to produce uni- 
formly good results. Without a machine for cutting rock sections 
the following method gives excellent results. The materials required 
are, first, a piece of sandstone 8 or 10 inches wide, several inches thick, 
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Via, 2. — ApparatOB tor preparation of ammonlam chloride sablimata 

and 18 or 20 inches long; second, a water hone an inch thick and 4 or 
5 inches long ; and third, a block of wood 2 inches wide, 4 or 5 inches 
long, and an inch thick. In place of the sandstone a carborundum 
slab about an inch thick, 8 inches wide and 18 inches long, to be ob- 
tained from the Carbonmdum Co., at Niagara Falls, is very durable 
and more efficient. The wooden block should have its upper edges 
rounded to fit the hand, while on the lower side an excavation should 
be made of a size to fit the ordinary glass slip. A carborundom 
hone of considerable fineness is also quite useful. 

The procedure for sectioning specimens large enough to be handled 
without difficulty is as follows ; With a pair of wire nippers a frag* 
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ment is pinched from the specimen and is rtd>bed upon tiie sandstone 
until the surface of which a section is desired is perfectly flat. This 
surface is then smoothed upon the hone, after which it is cemented 
npon a glass slip with Canada balsam. The heating of the glass 
slip to harden the Canada balsam is the most important part of the 
process, for if the balsam be allowed to boil too long on the heating 
stage or over a lamp it will be brittle when cold and the fragment 
will spring off ; if too short a time, the section when thin will granu- 
late. After heating and subsequent cooling, the balsam should be 
tested for hardness, the correct degree being intermediate between 
lH*ittlenes8 and the point where the finger nail can make an impres- 
sion upon it. If too soft, the slip must be reheated ; but if too hard, 
it is better to remove the fragment, clean it by smoothing it off on 
the hone, and then reheating again. When of the proper hardness, 
the glass slip is then placed in the excavation of the wooden block, 
which is dipped into water to secure adhesion. Then after rubbing 
away upon the sandstone or carborundum slab all of the superfluous 
material until the section is quite thin, the slide is removed from the 
block and the thinning of the section is completed upon the hone. 

In this process the glass slip becomes scratched and unsightly, so 
for a permanent mount the entire slip should either be ground down 
to give the ground-glass effect or, better still, the thin section should 
be transferred to a clean slip and covered in the usual way for per- 
manent preservation. The transfer is accomplished by first cleaning 
off all old gum around the section with alcohol, then adding a drop 
of fresh gum, heating, and when the thin section has become loosened 
sliding it onto a clean glass slip with a sharp-pointed instriunent. 

Specimens too small to be cut with the wire nippers are sectioned 
by placing them on a slide in balsam which has been only partially 
hardened by heating. They may then be rubbed down until the 
required surface of the section is reached. The balsam is then melted 
and the speciimens are turned over with a sharp-pointed instrument. 
After cooling, the thin sections are made in the manner described 
above. 

Although this method of sectioning applies particularly to the 
Trepostomata, it is employed to advantage in species of the other 
orders where the zoarium is a solid mass composed of numerous tubes. 
In all cases these sections must be prepared to show the peculiar 
rtmctural features of the bryozoa, particularly the inner inmiature 
zone and the outer peripheral area, where the zooecia are in the mature 
state and develop accessory features, such as acanthopores, mesopores, 
diaphragms, etc. To observe these features two sections are always 
needed, a vertical section parallel with the axis of growth of the 
tnbe and a tangential section parallel to the surface and close enough 
to it to show the structure of the mature zooecia. 



Digitized 



by Google 



860 ANIfTCJAL BEPOBT BMJTHBOlSnAJSf HfrSTITUTION, 1920. 

Various other preparations necessary in the study of certain gronpB 
of bryozoa are described under the discussion of these groups. 

In the study of the bryozoa two bibliographies are useful, one by 
Miss Jelly on the recent species^ and the second by Nickles and 
Bassler," which, in addition to the citations of all North American 
fossil species, includes a complete list of the literature up to the date 
of publication, classified in various ways for easy reference. 

TYPES or BRYOZOA. 

The zooecial structural features and methods of study of the 
bryozoa differ so decidedly for the various divisions that it is pref- 
erable to consider each one separately. 

Subclass BNTOPROCTA. 

Of the two very unequal major divisions of the bryozoa, the En- 
toprocta, characterized, as indicated in the name {endon='mt\asij 
prokto8=9Lnx}s), by the position of the anal opening within the row 
of tentacles, is especially interesting iji that the comparatively few 
species classified here probably represent the most primitive expres- 
sion of the class. In this subclass the tentacles during retraction of 
the polypide are infolded into a vestibule which can be closed by a 
sphincter. Definite excretory organs are present as are also reproduc- 
tive organs which have ducts leading to the vestibule. The different 
zooids or individuals formed by budding, are further marked by 
their isolation from each other. In this respect the subclass differs 
from almost all other bryozoa, as the rule is for adjacent zooecia to be 
in contact. In Loxosoma^ a typical entoproctous genus, colonies even 
are not formed as each zooid leads an independent existence. 

As shown in figure 3, these bryozoa grow from a thread-like stolon 
emitting cylindrical stalks each of which expands into the body of a 
zooid. The calyxlike zooids are lost from time to time and then the 
end of the stalk generates another polypide bud which matures into 
a new calyx. In no case is the body wall calcified so that the En- 
toprocta is not represented in the fossil state. 

Loxosoma and PediceUina represented in figure 3, and JJmatdU 
are the best known genera. Um/x^teUa is a beautiful form found at 
present only in fresh water in the United States. In this genus the 
calyx surmounts a segmented stalk and the stalks arise quite regu- 
larly in pairs from a common base. For a more detailed account of 
the Entoprocta the reader is referred to Ehler's work of 1890.** 

* 1880. Jelly, B. C. Synonymic Catalogue of Recent Martne Bryosoa. 

* 1900. Nickles and Bassler. Synopsis of American fossil bryosoa, Ball. 173. 17. & 
Oeol. Suit. 

*°1890. Ehlers, Zur Kenntnlss der Pedicellineen. Abhandlmgen der phygieal. Klaaw 
der KOniglichen Gesellscliaft der Wissenschaften in GOttingen, XXXVl, pp. 1-200, pla 
1-C. 
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Almost all of the known bryozoa, both fossil and recent, belong to 
the Ectoprocta {ekto8=without, prokto8=9im}s) ^ characterized by 
the position of the anus without the row of tentacles surrounding the 
mouth. Here again two very unequal divisions have been instituted, 
the Phylactolaemata with a horseshoe-shaped lophophore, repre- 
sented by a few species, and the Gymnolaemata, with a circular 
lophophore, comprising practically all the fossil forms and the great 



tentacles 



embryos 




Fn, 3. — Stmctare of the Entoprocta. 1-3, Pedicellina cemua Pallas, Atlantic off Bn^- 
land. 1. Polypide borne on a flezuous stolon showing a spinose peduncle, X86. 2. 
Sereral polyi^des in various stages of growth, X20. (After Hincks.) 3. An entire 
colony, X 22, exhibiting three growing ends (a) ; zooids 1 and 8 are quite immature ; 7 
(tentacles retracted) is still young ; 2 is seen in longitudinal section ; g, generative 
organ, and below it the ganglion ; m, mouth ; r, rectum ; 8, stomach ; between g and r 
are three embyros in the brood-pouch ; the tentacles are retracted ; in 5 and 6 the 
tentacles are expanded ; in 6 two embryos are seen within the circle of the tentacles ; 
to the left of them is the rectum, and to the right the mouth ; 3 is in the act of losing 
its calyx, and has already developed the beginning of a new polypide-bud ; in 4 the 
primary calyx has been lost, and the new calyx is clearly marked off from the stalk. 
4. LfMBOBoma oirriferum Harmer, an entoproctous bryozoan from the East Indies. A 
female polypide magnified, showing the circle of tentacles with several embryos within 
them and buds in various stages of development (After Harmer.) 

majority of living species. Unlike the Entoprocta, the reproductive 
organs are developed in the body cavity and have no ducts leading 
into the vestibule, while specific excretory organs are absent. 

Superorder PHYLACTOLAEMATA, 

The bryozoa of this superorder have the tentacles arranged in a 
horseshoe shape about the mouth, which is protected by an over- 
hanging lip. They are fresh water in their habitat and have special 
peculiarities which allow them to live under conditions where the 
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change of temperature and the danger of drying up is ever present 
Their special characteristic is the habit of dying down in the winter 
with the formation of the so-called statoblasts, hard-shelled repro- 
ductive bodies consisting of internal buds protected by a chitinouB 
shell capable of resisting unfavorable conditions for a period and 
then forming new zooids. Sexual reproduction also occurs as in 
other bryozoa. The Phylactolaemata have a body structure scaiie- 
what similar to the Ctenostomata, the first order of the Gynmobe- 
mata, which also show a tendency to live in fresh water, and from 
which these exclusively fresh-water bryozoa are believed to have 
been derived. They are often quite conmion in a zone of water about 
2 feet below the surface, where their colonies are found attached to 
water plants or stones. A few forms are found in running water 
but most of them occur in still water. 




\ 

Fig. 4. — CristateUa mucedO Cnvler, a fresh-water bryozoan from England, X24, a 
typical member of the Phylactolaemata, showing slag-shaped body and the 
horseshoe-shaped lophophore (1) ; a statoblast (2) of the same species, X28. 

The zoarium may consist of gelatinous masses of varying size, of 
aggregations of parallel tubes or of single branching tubes, in all of 
which cases the body cavities of the zooids are continuous with each 
other. The body cavity in the Phylactolaemata is thus a continuous 
space, while in the Gymnolaemata each zooid has its own body wall 
As in the Entoprocta, the body wall is uncalcified, and fossil forms 
are not to be expected. Protrusion of the polypide is effected by the 
contraction of the muscular body wall compressing the fluid of the 
body cavity. The tentacles sometimes interlace to form a sort of cage 
in which infusoria used for food are imprisoned. 

CristaieUa (text fig. 4) , a typical member of the superorder, consists 
of a slug-shaped gelatinous mass, sometimes eight inches long but 
only one-half inch wide with a flattened sole on which it has the 
power of crawling. The protruding polypides form a delicate fringe 
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along the upper side while aronnd the edge of the mass a zone of bud- 
ding tissue gives rise to new zooids. FrederioelZa^ another typical 
genus, is a member of the deep-water fauna of the Swiss Lakes. 
PlumateUa forms aggregations of parallel tubes. Lophopus and 
PectinateTla^ like CristateUa^ show powers of locomotion. These 
genera have a wide geographical distribution, probably due to their 
reproduction by statoblasts. They have been recovered from Europe, 
North and South America, Africa, Australia, and other widely sepa- 
rated areas. 

Although the species of Phylactolaemata are comparatively few, 
they give rise to such interesting phenomena that the literature on 
these fresh- water bryozoa is quite extensive. The monographs of 
Allman ^* and of JuUien ** should be consulted for a general review. 

SuperoPder aTMNOLABMATA. 

As mentioned before, this superorder, characterized by the circular 
row of tentacles surrounding the mouth only, is almost exclusively 
marine and comprises most of the known recent bryozoa and practi- 
cally all of the fossil forms. The body cavities are not continuous with 
one another nor is the body wall muscular as in the Phylactolaemata. 
In the majority of species, calcareous zooecial walls are deposited 
and form very interesting objects of study. 

ORDER 1. CTBNOSTOMATA. 

In this order the zooecia, which are frequently isolated, are de- 
veloped by budding from the intemodes of a distinct tubular stolon 
or stem, thus resembling to this extent the Entoprocta. Again they 
unite laterally to form sheets, but in both cases the zooecial walls are 
usually quite soft and uncalcified. The stolon is often threadlike 
and gives off cylindrical stalks, each of which dilates at its end into 
the body of the zooid. The zooecial orifice is terminal and is closed 
during retraction by an operculum of setae, which on account of its 
resemblance to a comb, gives the name to the order {ctenos^ comb). 
All appendicular organs, such as avicularia, ovicells, and vibracula, 
are wanting. In all the known forms the zooecia are membraneous, 
and little capable of preservation. In some cases, fortunately, the 
stolon becomes partially calcified and may thus be preserved fossil, 
although all traces of the zooecium itself are lost. Then, again, 
many of the Ctenostomata have the power of excavating a place for 
themselves in the substance of the host they incrust, so that the size 

^ 1806. Allman, 6. J, A monograph of the fresh-water Polyioa, Inclnding all the known 
^edes, both British and foreign. London, ylU + 119 pp. 11 pis. 

»1885. JnUlen. Monograpble des Bryozoalres d'eav douce. BoUetin de la Soci«t4 
Eoologlqiie de France, X, pp. 91->207, 260 figs. 

42808"— 22 ^2t 
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and shape of such excavations serve very well for the identification 
of many fossil species. 

All of the known Paleozoic Ctenostomata have been described by 
Ulrich and Bassler^' in their Revision of the Paleozoic Bryozoa, to 
which the student is referred for a discussion of these peculiar fos- 
sils which had formerly been regarded as trilobite eggs, sponge 
borings, or foraminifera. Mesozoic and Cenozoic ctenostomitoos 
bryozoa are apparently rare, and little study has been put upon them. 
In the recent seas, the order is specifically the least represented of 



tentacles 



coll ar — 



anus " 
eBophagns ' 



retracfor miiscles'- 
coeciim'* 

funiculus'* 




tubular stolon-*- ~ 



Fio. 6. — Structure ot the Ctenostomata. nine polypldee of FgrreOa 
repens Farre, rlslnfr 'rem a stolon, one with exiianded tentacles, 
another with tentacles retracted, and the third In the yoonf stafe, 
highly magnified. Sattem Atlantic (After Van Beneden.) 

the bryozoa, although some of the species are quite abundant in 
individuals and widespread. Hincks's** memoir of 1880 on Britidi 
species and Harmer's *' work on the East Indian forms published in 
1915 will give the student a good idea of the recent Ctenostomati. 
The latter publication includes a good account of the methods of 
study necessary in this order. j 

In figure 5 the anatomy of an animal of a recent ctenostomatod 
bryozoan is illustrated, and its similarity to that in the other ordeo 



<* 1904. TTlrlch and Bassler. Revision of the Paleoiolc Bryosoa. Part 1, CfcenoatoBatt 
Smithsonian Misc. ColL, vol. 46, pp. 256-294. 
^ 1880. Hincks. British Marine Polysoa, pp. 488-«82. 
** 1916. Banner. Polysoa of the Slboga Expedition, pt 1, pp. 36-82. 
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is evident. Figure 6 gives a r^iim6 of the important types of both 
fossil and recent Ctenostomata. The pinnately arranged stolons of 
Rhopalonaria usually represented by excavations in shells or corals 
are perhaps the commonest of Paleozoic forms, although the chain- 
like Allonema and the radially arranged bulbs of Aacodictyon are 
occasionally found. The threadlike species are interesting in that the 
oldest known bryozoan Heteronema priscwm from the Lowest Ordo- 
vician rocks of Esthonia is apparently of this type. In the Mesozoic 
and Cenozoic eras few Ctenostomata have been found, and all of these 
show great similarity to the Paleozoic Rhopalonaria. However, as 
only their excavations are usually known, it is probable that the 
structure of the zooecia was quite different. 




Fio. 6. — ^Fossil and recent Ctenostomata. 

1-2. Heteronema priteum Bassler. The oldest known bryozoan, a ctenostome from the 
lowest Ordoyiclan (Uagnllte sandstone) of Bsthonla; (1) a colony attached to a 
brachiopod shell, X3; (2) parts of two colonies, X22, with one growing over the 
other. 

2M. Vinella repena Ulrlch, Middle Ordorlcian shale of Minnesota; (8) two colonies 
attached to a brachiopod shell, | natural size ; (4) portion of a soarlam, X 12, show- 
ing a naclens with five dlylslons of the tnbalar stolon radiating from It. The pores 
mark the points where the zooecia were attached. 

6. VineUa radialit Ulrich. Upper Ordoyidan, Cincinnati, Ohio. Four colonies attached 
to a cephaloped sheU, two-thirds natural size. 
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6. Bhopalonaria venosa Ulrlch. Barty SUarlan of Soatliwestem Obio. Porttona of the 
encrnstlng colony, X12. 

7-8. TineUa radUAformie oonferia tJlrich from tbe SUurian (WaMron) shales of In- 
diana ; (7) the encnxstlng colony, X8, showing the dose deyelopment of the nudei; 
(8) nuclei and their connecting stolons, X 12. 

9. Rhopdlanaria attmuata Ulrich and Bassler, X6, Silurian (Rochester) shales of New 
Tork. This characteristic Silurian species occurs as an excavated mold on shells sad 
other fossils. 

10. Atlonema futiformia Nicholson and Btherldge, Jr. Middle Deronian shale of Micbi- 
gan. Portion of the encrusting colony, X 6» composed of numeroos Tesicles. 

11. Aacodiatyon stellatum Nicholson and EStherldge, Jr. Middle DeTonlan shales of 
Western New York. A cluster, X12, composed of yesicles one of which shows the 
punctate structure. 

12. The excavation on the surface of a shell left by a species of l*erebripora, XIO, from 
the Miocene rocks of North Carolina. 

13-14. CyUndroeciutn diUaatum Hincks. (13) Incmsting basal part of this leceat 

species, Xl2, showing splnose dilatations at the base of the sooecla; (14) the erect 

sooecia, X 12, attached to the tubular basal expansion. 
16. AveneOa fuMoa Dalyell, a living species, XlO, illustrating the tubular stolons with 

the erect sooecia. 
16. ArachtUdium hippoihoidet Hincks. Part of the encrusting network of sooecia, XlO, 

connected by slender fibers. 
17-18. Boioerhankia fmetuloaa BIUb and Solander. (17) The erect soarium, two-thirds 

natural size, showing the group of polypldes at regular intervals; (18) a group^ XlO, 

with the polypldes expanded. (Figs. 18-18, after Hincks.) 

Among the living Ctenostomata Alcyonidwm and related genera 
grow into soft incrustations or into masses 6 inches or more high in 
which the zooecia are closely united. In Bowerbankia the erect 
branching zoarium bears tufts of zooecia at regular intervals, while 
in Amathia an interesting spiral arrangement of the branches occurs. 
The Ctenostomata are typically marine, but a few genera have a 
tendency to live in estuaries. For this reason and other character- 
istics they are believed to have given origin to the exclusively fresh- 
water Phylactolaemata. 

ORDER 2. CTCLOSTOMATA. 

The zooecia in this order are simple calcareous tubes, usually with- 
out transverse partitions, with a plain, rounded, uncontracted orifice 
not closed by an operculum. The walls are thin and minutely porous 
and do not show the complicated structures visible in the Cheilo- 
stomata or Trepostomata. The ovicell, when present, is an enlarged 
zooecium or an inflation of the zoarial surface. The zoarium assumes 
very many different forms of growth (pL S), although the method of 
growth is quite constant for a species. 

Hitherto the families and genera of Cyclostomata have been 
founded almost entirely upon the form of the zoarium and the ar- 
rangement of the zooecia. As a result, very complicated artificial 
classifications have been proposed, which the reader may consult in 
the review given by Gregory in 1909.** 

^ 1009. Gregory. Otalogne of FVwstl Bryosoa in Department of Geology, British Mu- 
seum, Cretaceous, vol. 2, pp. xxlr-xlt 
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The distinction between the families of Cyclostomata, like other 
orders of bryozoa, is or should be based on their larval forms, each 
family being characterized by a special larva. The larvae of the 
Cyclostomata are very. similar to each other and difficult to dis- 
criminate, but fortunately tiiey show their differences by the evolu- 
tion of the embryos in ovicells of very different size, form, and posi- 
tion. The first tube of a zoarium is the ancestrula, and its lower part 
(pi. 4, fig. 1) is a dilated blisterlike form called the protoecium. It 
is in the protoecium that the histolysis of the fixed larva and its 
replacement by the first normal polypide living in the ancestrula 
occurs. 

Without doubt the same principles of classification applied to 
the apparently more complicated Cheilostomata, as described on a 
later page, should be employed in the study of the Cyclostomata; 
indeed, a natural classification can be built up only by a study of 
the physiologic functions of the organs. In the Cheilostomata it 
wUl be noted that the form of the aperture and of the operculum, the 
presence of cardelles, and the modifications of the ovicell are the 
essential characters of generic and family classification. In the 
Cyclostomata the aperture is always more or less circular, the oper- 
culum and cardelles are wanting, leaving the ovicell as the single 
remaining essential character showing on the zooecia. 

The value of the ovicell in the classification of the Cyclostomata 
is therefore of utmost importance, but unfortunately its study has 
been much neglected. Some species of Cyclostomata possibly did 
not develop ovicells, but the majority of them will after some search 
midoubtedly reveal specimens showing this organ. Indeed, one of 
the most interesting features in the study of the Cyclostomata is 
the search for ovicelled specimens among tiie many described species 
where now no ovicell is known. A beginning toward a natural 
classification of the Cyclostomata was made by Canu several years 
ago, and Canu and Bassler in 1920^^ have amplified this subject. 
Tlie student is referred to their work for more details and references 
to other researches upon the Cyclostomata. Some of the more com- 
mon types of ovicell are figured on plate 4. 

In spite of their general simplicity the Cyclostomata 6!diibit other 
features which can be used in connection with the ovicell in classifi- 
cation. For example, in many Cyclostomata there are accessory 
tubes developed either on the frontal or the dorsal side of the 
zoarium. These are zooecia, closed or open, which appear to be 
without a polypide. Thin sections of the zoarium are frequently 
necessary to determine the nature of such accessory tubes. The 

''1920. Canu and Baasler. North American Barly Tertiary Bryoaoa. BnUetln 100, 
U. 8. National Mnseam. 
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. dorsal side of many branching forms is sometimes occupied by 
short tubes called nematopares^ which appear at the surface as 
thread-like and in thin sections as narrow tubes upwardly directed. 
Somewhat similar tubes on the dorsal side grow in the opposite 
direction — that is, toward the zoarial base. These are the firmai(h 
pores. Certain Cyclostomata exhibit pores on the dorsal side as 
large as the polypide tubes, but with polygonal orifice. These 
are termed ^tergaporesy Somewhat similar pores on the frontal 
side, but covered by calcareous closures, are known as dactylethrae^ 
while oanceUij anotiier curious development on the frontal side, are 
cylindrical tubes closed by a finely perforated lamella and gar- 
nished in the interior with numerous spinules. Still other forms 
of tubes in this order are the ramifications of the polypidian tubes^ 
termed ^'vacuole^^^ and '^ mesoporesJ" The physiologic function of 
these various accessory tubes is still unknown, but they are constant 
in their development and are therefore of value in classificatioiL 
Plate 4 exhibits the aspect of these various tubes both at the surface 
and in thin sections. 

The method of division or gemmation of the zooecial tubes in the 
Cyclostomata is also quite important. In one method (peripheral) 
the tubes bifurcate at all heights and in all directions. In another 
method (oriented) gemmation occurs in a definite manner on a 
single or on two sides of a basal lamella or of an axial zone. Thin 
sections here again are indispensable in the study of this order. 

Although many researches upon the Cyclostomata have been pub- 
lished, comparatively little attention has been devoted to the anatomy 
of the polypide, the study of its method of protrusion, and to the 
larval forms in addition to the ovicell. So far as known the ovicells 
contain numerous embryos, which have arisen by fission of a primary 
embryo developed from an egg. 

The Cyclostomata commence in the Middle Ordovician and con- 
tinue until the end of the Paleozoic era fairly well developed in 
number but of less importance than the two strictly Paleozoic orders, 
Trepostomata and Cryptostomata. In the Early and Middle Meso- 
zoic they constitute the predominating order, but in the Creta- 
ceous the Cheilostomata assume first place and continue so until 
the present. The Paleozoic forms have been described by Ulricfa 
and other workers mentioned under the Trepostomata. The Meso- 
zoic species have been the subject of numerous publications among 
which may be mentioned those by (Jregory^* and by D'Orbigny.^* 
The Cenozoic Cyclostomata likewise have received much attention, 
as will be noted by consulting the monograph by Canu and Bass- 

" Gregory. Catalogae of EV>nll Bryonia In Brltiah Moseam, JunuuAc (1896), Ctetaeeooi 
vol. 1, 1899, and Cretaceous vol. 2, 1909. 
»1852. lyOrMgny. Pal^ontologie francais. Terrain Crtitac^, VoL V. 
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ler of 1920, Hincks' British Marine Polyzoa (1880), Busk's Cata- 
logue of Cyclostomatous Polyzoa in the British Museum (1876), 
and his Challenger Expedition Keport (1886) as well as nufnerous 
papers by Waters, Smitt, Harmer, Canu, and other authors treat 
of the recent Cyclostomata. 

The study of many Cyclostomata particularly those forming solid 
calcareous zoaria requires thin sections. The preparation of such 
sections is discussed in this article under methods of study. 

In addition to the ovicells and other features just mentioned, the 
size of the orifices and the distances between them are important in 
specific identifications. Probably the simplest and most trustworthy 
method of identifying closely allied species is by the preparation 
of uniformly magnified photographs of the zoarial surface. The 
magnification of 12 and 25 diameters for the Cyclostomata has been 
found most useful and is reconmiended for comparative purposes. 

ORDER 3. TREPOSTOMATA. 

This order is limited to the Paleozoic era when it flourished in a 
wealth of species forming stony colonies which contributed largely to 
the formation of many limestone strata. These colonies were always 
calcareous and consist of masses, sometimes of considerable size, com- 
posed of long coherent, prismatic, or cylindrical tubes with terminal 
orifice. Each tube is composed of an inner or axial region with thin 
walls and an outer, peripheral zone with thicker walls and compli- 
cated structure. This change in the character of the tubes which 
gives the name to the order {trepos^ change) is accompanied by the 
development of other features, namely, mesopores, acanthopores, 
more numerous diaphragms and similar structures of the more ma- 
ture zooid. 

The Trepostomata include the greater portion of the so-called 
MonticuUporoids which for a long time were regarded as corals, 
although their bryozoan nature was long insisted upon by Ulrich 
who published many proofs of their affinities to undoubted bryozoa. 
This relationship has been strengthened by the discovery by Cumings 
that the budding plan of certain Ordovician genera is precisely the 
same as in typical recent bryozoa, namely, that it consists of (1) a 
protoecium or minute circular disk, (2) the anoestrula, a tubular 
zooecium of the type seen in the Cyclostomata, and (3) several pri- 
mary buds arising from and adjacent to the ancestrula. These primi- 
tive structures are separated from the rest of the colony by a con- 
siderable thickening of their posterior walls. In the corals, develop- 
ment from the larva is direct the moment it becomes sedentary and 
therefore the presence of the protoecium alone is practically con- 
clusive as to the systematic position of the Trepostomata with the 
bryozoa. 
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Some of the Trepostomata are incrusting and consist of one or 
more superimposed layers, but most of them either rise into fronds 
and bifoliate expansions or form hemispherical to rounded masses 
of a size ranging as high as 2 feet in diameter. Such massive types 
of zoaria arise from the fact that the zooecia in the Trepostomata are 
directiy superimposed upon one another to form the long tubes 
which by continued budding r^ult in the branching or massive 
stony zoaria. These tubes are intersected by straight partitions 
(diaphragms) or curved ones (cystiphragms) , which represent the 
covers and floors of successive layers. The diaphragms may be in- 
complete or provided with a central perforation. As u rule, they 
are few or wanting in the immature zone of the zooecia, but are more 
numerous in the outer or mature zone, where also the zooecia are 
often separated by more or less closely tabulated porelike .spaces called 
mesopores. Zooecial covers with a small subcentral orifice may 
occur. 

One characteristic of the Trepostomata, which, however, the order 
shares with the Crjrptostomata, is the presence at regular intervals 
over the surface of elevated groups containing cells differing from 
the average in size (monticules) or spot-like areas (maculae) of such 
cells on a level with the zoarial surface or depressed below it. The 
size, shape, elevation, and distance apart of the maculae or monticules 
are usually specific characters. The monticules may vary from small 
sharp tubercles through rounded nodes to elevated rings completely 
encircling the zoarium while the maculae, although often incoD- 
spicuous spots on the surface, are sometimes quite distinct solid de- 
pressed areas or, as in one family, beautiful star-shaped regions. 

The spine-like projections on the zooecial walls called acanthopores 
are found in thin sections to consist of minute tubes included in the 
wall substance, but with a definite structure of their own. These 
acanthopores traverse the mature region and undoubtedly represent 
structures with some definite function possibly like the avicularia or 
vibractdar pores of the Cheilostomata. 

For many years the identification of the Trepostomata was based 
upon external features such as the form of the zoarium, the shape of 
the zooecia, and such surface characters as the tubercles or maculae. 
This led to so much confusion that the order deservedly was not con- 
sidered of much use in the identification of stratigraphic horizons. 
The internal structure of these stony forms gives the true specific 
characters, and so the preparation of thin sections for examination 
under the microscope has become indispensable in their study. How- 
ever, when once a species has been thoroughly worked out it can 
generally be distinguished externally from associated forms of 
similar appearance by quite constant differences which often seem 
trifling and yet are doubtless of morphological importance. Even 
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the internal structure can be determined without the preparation of 
actual thin sections, for by smoothing the surface of the bryozoan 
and etching it slightly with acid most of the characters seen in 
tangential sections become visible. A similar procedure for the 
Tertical section exhibits the internal characters very well. The aspect 
of the surface and the structure seen in thin sections of a few species 
of Trepostomata are illustrated in text figure 7. An outline of the 




Pio. 7. — structure of the Trepostomata. 

1-4. Views of DekaifeUa praeHuntia Ulrlch, a common Middle Ordoviclan bryosoan, show- 
ing (1) the wtOid stony brandi, X two-thirds; (2) surface of th« same, X6, with the 
^la^llke acnnthopores and thin looedal walls; (3) a tangeDtial section, X12, illus- 
trating the same features in thin sections,, and (4) a vertical section, x6, with f^w 
diaphragmB in the immature zone to the right and numerous ones in tiie mature sone. 

5. Longitudinal thin section Xl2, of an OrdoTiclan species (Halloporina crenulata 
Ulrlch) with crenulated zooedal tubes in which diaphragms are absent in both the 
auLtnre and immature lones. 

^S. Views of an Ordoviclan species (HaUopora puloheUa Ulrlch) illustrating (6) a 
Iragment, X two-thirds, with tubercles developed at regular intervals on the surface ; 
<7) the sarfftce, X12, showing the sooeda and the intervening mesopores and (8) 
vertical section, X12, with numerous tabulae in the mesopores. 
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9. Surface of HcUopara muttUohulmta XJIrich, X12, ahowfiiff oinamented aooedtl do- 
snres. 

10. Vertical section, X12, of a discoid bryosoan {Mesotrypa infida Ulrtch) from the 
Middle OrdOTidan ahales of Minnesota, showing curved diapliragms in tke aooeda and 
closely tabulated mesoporea. 

11-12. Internal structure of Prasopora aeltoyni Nicliolson, a small hemlsitberical Ordo- 
▼Idan taryoBoan ; 11, a tangential section, x 12, exhibiting the aooeda and nmnerooa 
mesoporea ; 12, a vertical section, X 12, showing the isolation and semidrcolar form of 
the cystlphragms, the diaphragms, and the close tabulation of the mesoporea. 

18. Vertical section, X6, of Btmiphragma irratunu Ulrieh from the Middle OrdOTidaa 
shales of Minnesota, a solid branching bryosoan characterised by the occ o rrence of 
semidiaphragms in the mature region. 

14 16. Structure of a thin laminar bryosoan {lAoolema folUUum Ulrlch) from the Lower 
Garbonifeious (Warsaw limestone) of Illinois; 14, tangential section, X18, ezhlfaltiBg 
numerous mesopores and the looecia indented by large acanthopores ; 16, Tertlcal sec- 
tion, X 18, through the soarium» showing a very short immature region and a devdop- 
ment of numerous mesopores and strong acanUioporea In the mature lone. 

16. Surface, X12, of a ramose spedea (Hanoporina crenulata Ulricfa) from the Middle 
Ordovidan shales of Minnesota, iUnstrating the occurrence at regular Intervals of tke 
dusters of mesopores termed maculae. 

17-18. Thin sectl(»s of Stenopora, a typical Upper Paleoaoic genus of the Trepostooata ; 
17, vertical section, X 12, through the mature region of S. amerioama Ulrldi, fh>m the 
Miasiflsippian (Keokuk limestone) of Illinois. The beading of the walls and the oc- 
currehce of perforated diaphragms are characteristic features; 18, tangential seedos, 
X12, showing wall structure. 

19,20. Two aooeda of Bato9toma win/^MOi Ulrlch, from Middle Ordovidan shales of 
Minnesota, X80, as seen in tangential sectlona (19) ; and a variety of the same spedei, 
X80, in which the acanthopores are atrohgly developed and thin stmctare is ap- 
parent (20). 

21. Surface, Xl2, of an incrusting bryosoan {Aiaotoperella typioaUt praeeipia Ulrfdi) 
from the Middle Ordovidan shales of Mlnneaota, with a florlform aspect due to tiie Inden- 
tation of the sooedal cavities by numerous acanthopores. 

detailed classification of the TrepoBtomata may be found in the 
Eastman edition of ZitteFs Textbook of Paleontology, while most 
of the genera and many species of the order are described and iUus^ 
trated by Nicholson,** Ulrieh,*^ Ulrieh and Bassler," Cumings,*' 
and Bassler.'^ 

Ulrieh and Bassler, in ttieir Bevision of the Paleozoic Bryozoa, 
1901, proposed two divisions of the Trepostomata based upon the 
minute structure of the walls separating adjoining zooids. Of the 
seven families now recognized under the Trepostomata, four have 
the calcareous investment of adjoining zooecia amalgamated to- 
gether so that one wall can not be distinguished from its nei^ibor. 
In the remaining three families the walls retain thdr duplex char- 
acter, and when the zooecia are adjacent their boundaries are 
marked by a dark, divisional line. This line in all probability rep- 

» 1881. Nicholson, H. A. The Genus Montlculipora. 

A 1882-1884. Ulrlch, E, O. American Paleozoic Bryoaoa, Journal Clnclniiatl Sodety ef 
Natural History, vols. 5-7. 1890. Ulrlch, B. O. Paleoaoic Bryoaoa, Qeoloclcal Sonaf. 
lUlnoia, vol. 8. 1898. Ulrlch, B. O. Lower Silurian Bryoaoa, Geological 8iirf«r ^ 
Minnesota, Final Baport, voL Sp pt 1. 

** 1904. Ulrlch, B. O., and Bassler, R. & Bevldon of the Paleoaoic Bryoaoa. Trepo- 
stomata. Smithsonian Miscellaneous Collections, vol. 47, pp. 16-66. 

'•1908. Cumings, B. R. The Stratigraphy and Paleontology of the Ordovidan 
of Indiana. Thirty-second Annual Report, Department of Geology and Natural Be 
of Indiana, pp. 605-1190. 

>* 1011. Baaaler, B. B. Barly Paleoaoic Bryoaoa of the Baltic Provlneea. B«U. 77. U a 
National Muaeum. 
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resents the fossilized remains of animal matter which filled this 
space during the life of the organism. Occasionally this narrow 
intervening area is occupied by a li^t-colored tissue, and in this 
case the outer boundaries of the wall of each zooecium can be seen. 
In certain genera of both divisions the amalgamation or the dis- 
tinct character of the walls is difficult to determine, especially when 
mosopores are numerous, but if the zooecia are in actual contact 
there is little trouble in deciding the position of the particular 
form under study. Doubt has been cast upon the value of this 
differentiation in recent years, but even if the two divisions should 
not ultimately prove natural they are at least quite useful. 

ORDER 4. CRYPTOSTOMATA. 

In this order the zooecia are usually short and have their orifice 
concealed {cryptos^ hidden) at the bottom of a tubular shaft or 
vestibule which is surrounded by a solid or vesicular calcareous 
deposit. The primitive zooecium is short and quite regular in its 
outline, being pyriform to oblong, quadrate or hexagonal with the 
aperture anterior. This same characteristic is shared by the Cheilo- 
stomata also and it is probable that the Cryptostomata are nothing 
more than Paleozoic Cheilostomata. The Cryptostomata differ, 
however, from the typical members of the Cheilostomata, first in 
having neither ovicells nor avicularia, second in the much greater 
deposit of calcareous material upon the front of the zooecia, third 
in the frequent development of successive layers of polypides, one 
directly over the other, thus forming a continuous tube, and fourth, 
in that whenever a zoarium attains an uninterrupted width of 
more than 8 millimeters it exhibits clusters of cells, differing more 
or less either in size or elevation from the average zooecia. The 
last two distinctions are suggestive of the Trepostomata, but the 
Cryptostomata differ chiefly in that the inamature region (primi- 
tive cell) is usually much shorter and the passage to the mature 
region more abrupt, and that hemisepta occur at the bottom of the 
vestibule. 

Some of the Cryptostomata are ramose and have long thin- walled 
prismatic tubes in the axial region, with or without diaphragms, 
precisely as in the ramose Trepostomata and Cyclostomata. They 
are distinguished from both these orders, however, by the presence 
of the hemiseptum, the incomplete plate which extends downward 
and forward from the posterior side of the base of the vestibule into 
the primitive cell. Sometimes a second hemiseptum is found spring- 
ing from the bottom of the cell, in which case the latter is known 
as the inferior hemiseptum and the former as the superior one. The 
purpose of the hemisepta is unknown, although it is possible that 
they served as supports for a movable operculum. 
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The relationship of the Cryptosbxnata to the Cheilostomata is 
further suggested in the zoarial forms they assume and in the beauty 
of the surface of the zooecia. In the typical Cryptostomata the 
zoariiun consists of two thin layers of zooecia growing back to back 
into erect sword-shaped, ramose, ribbonlike or fan-shaped expansions. 
In other Cryptostomata tiie zoaria form lacelike expansions consist- 
ing of only a single layer of cells with the reverse side covered by a 
dense layer of striated or minutely granulose tissue. In the remain- 
ing sections of the order the zoaria are ramose with the zooecia aris- 
ing from a real or imaginary axis and opening on all sides of the 
cylindrical stem^. Usually the zoaria are continuous, but in some 
of the bifoliate and ramose forms they are divided into segments, 
articulating with each other. 

Most of the Cryptostomata can be identified from the zooecial 
surface characters, but in some of them, particularly the bifddate 
and solid ramose species, thin sections are as essential as in the 
Trepostomata. On account of their geometrical regularity of zooecial 
form, thin sections of the Cryptostomata are often most beautiful ob- 
jects under the microscope. 

The order commences in Early Ordovician times, reaches its 
greatest development in the Devonian and Mississippian, and be- 
comes extinct at the close of the Permian. Typical examples of the 
order are illustrated in text figure 8. Many of the Ordovician 
genera and species were described and illustrated by Ulrich in 
1893 " and Bassler in 1911,2» the Silurian by Bassler in 1906," the 
Devonian by Hall and Simpson in 1887,*® and the Carboniferous by 
Ulrich in 1890.«* 

ORDER 5. CHEILOSTOMATA. 

The Cheilostomata, characterized by the closure of the aperture 
by a chitinous lip or operculum when the polypide is retracted, in- 
cluded most beautiful objects from an esthetic standpoint because 
usually in this order the frontal wall of the zooecium is composed 
of calcite assuming often the most delicate and sometimes bizarre 
patterns. Until recently the diflferences in these patterns were relied 
upon for the discrimination of genera and species, with the result 
that a most unnatural classification prevailed. The calcification 
of the frontal wall is only one of the functions of the bryozoan and 
a natural classification should be based upon all the important fea- 

» 1898. Ulrich, B. O. Lower SUnrlan Bryoioa of Minnesota, Geology of MlBnewta, vot. 
8, pt. 1. 

*• 1911. Bassler, R. 8. Tbe Barly Paleosole Bryoioa of the Baltic Prorlncea. BnlletlB 
77, U. 8. National Musenm. 

" 1906. Bassler, R. 8. Tbe Bryoioan Fauna of the Rochester Shale. Bulletin 292. U. 8. 
Oeol. Surrey. 

*• 1887. Hall and Simpson. Corals and BryoMa. Paleontology of New York, toL e. 

» 1890. Ulrich, E. O. Paleozoic Bryosoa. Geological 8ury«y, nilnois, toL 8. 
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tares. The Cheilostomata exhibit the highest type of development 
in the bryozoa and for that reason the description of the various 
functions of the animal has been reserved for this place. The living 
bryozoan shows that these functions in the order of their impor- 
tance are first those dealing with reproduction, namely, with the 
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20 

Fio. 8. — Cryptostomata. 



1-2. Bscharopora Buhreota Ulrich. Middle Ordovlclan (Black River) shales of Mlnne- 
lota. A typical member of the Cryptostomata. 1. Tbe narrow bifoliate Eoarlum, 
twQ-tbirda natural size, with a pointed striated base which fits into a corresponding 
socket attached to other objects. 2. Surface of the basal part of a specimen, x6. 

d-4. Arthrodema IHttlngsi Ulrich. Ordovlclan (Trenton) limestone, Ottawa, Canada. 
8. Zoarlnm composed of numerous Joints articulating with each other, two-thirds 
natural size. 4. A single Joint or segment, X 12, of a related species (A. oomutum 
Ulrich) with a socket for articulation on top and the pointed basal articulating 
process at the bottom. 

6. A threadlike bryozoan of this order (Nematopora ovalU Ulrich) natural size and 
X 12, from the Middle Ordovlclan shales of Minnesota. 
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6-7. HeUopora epMf^rmia UMch. Ordovidan (LebanoB) Umeetone of Central Tm- 
nessee. 6. One of the Jointed segmentB natural aiie, and the lower portion of the 
same, X18. 7. Longitudinal thin section of the same species showing the short 
immature region and the thickened mature aone. 

8-10. Cryptostomata with star shai>ed coaria, two-thirds nataral size, oftoi mistakwi 
for fossil star fishes. 8. A five-rayed form (Evactinopora qwlnqvieradiatii Ulrich) 
from the Lower Carboniferous (Burlington) limestone of Iowa. 9, 10. Two Tlews 
of a six-rayed form (E. sevradiata Meek and Worthen) ftom the same locality. 

17-19. Arohimides, a characteristic Lower Carboniferous bryoasoa, two-thirds natural 
sise, in which the lacelike cell-bearing aoarlum similar to FenesMla is wound 
around a solid spiral axis. Specimens (17, 18) with the cellnliferous pocHdb 
broken away arc most frequently found but occasionally more of the frond Is pre- 
served (19), 

20. Another characteristic Lower Carboniferous bryosoan (Lyropara) in which the 
solid support is lyre shaped with the lacelike portion stretched between two sup- 
ports. 

21-28. A typical member of the Cryptostomata (Arthropora «<fl»ple9 Ulrich) from 
the Middle Ordovldan (Black Blver) shales of Minnesota, showing several seg- 
ments, two-tliirds natural siie, preserved in their natural position (21), the orna- 
mentation of the Booecial surface, X22 (22) and a vertical section X12, Illustrating 
the typical internal structure of the Chryptostomata (28), namely, the short boxlike 
immature sone with its hemisepta and the thickened mature sone with fhe aoocdsl 
aperture (a) at the base of the vestibule {v), 

24-26. A bifoUate ribbonllke cryptostomatous bryosoan {BMnidMifa wwtahiUa Ulrich) 
from the middle Ordovician shales of Minnesota. 24. A specimen, two-thirds 
natural sice. 25. The surface, X 12, showing the very regular arrangement of the 
eooecia characteristic of the Cryptostomata. 26b Sev^al sooecia stUl further en- 
larged and illustrating the surface ornament. 

27. Btreblotrypa herzeri Ulrich from the Lower Carboniferous rocks of Ohio. A 
narrow ramose soarium, natural sise and X 12, simulating Trepostomata externally 
but having the internal structure of the Cryptostomata. 

28. Rhomhopara ohioonsia Ulrich from the Lovrer (Carboniferous of Ohio, natnnl 
slxe and X12, a representative of a characteristic Upper Paleosolc genus. 

29-80. Worthenopora apinoaa Ulrich, from the Lower Carboniferous (Warsaw) Ubm- 
stone of Illinois, showing possible relationship of the Cryptostomata to the Chello- 
stomata. 29. A view of the bifoliate branch X9, Illustrating the splnoae margin. 

30. Zooeda of the same, X 28, showing the Cheilostomatous type of sooecia. 

passage of the eggs and the escape of the larvae, or, in other words, 
the relations between the operculum and the ovicell; ae(x>nd, Ifae 
hydrostatic system and eid^rusion of the polypide, and lastly, calci- 
fication and chitinization, or the nature of the skeletal part of the 
animal. Therefore the least important of these functions has as men- 
tioned before been almost invariably alone considered. These func- 
tions are not difficult to determine in the recent forms, but in the 
fossil species, where only the calcareous skeleton remains, it would 
seem sometimes impossible to discover all of them. Fortunately the 
form of the aperture indicates the hydrostatic function, the presence 
of cardelles or projections on the apertural wall reveals the move- 
ments of the operculum, and the nature and position of the ovicell 
illustrates the function of reproduction. 

Function of reproduction. — ^A permanent classification of the 
bryozoa is impossible at present, because each family is undoubtedly 
characterized essentially by its larva and unfortunately the larval 
form is known at present in only a few families. The fertilised eggs 
of the bryozoan are transformed into embryos and these into larvae 
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Flo. 9, — Ovlcell structure in the CbeUoBtomata. Op«=«Operculuin ; Ov-Bovlcell ; Zd=»di»- 
tal looechim ; Zp—prozimal Booeciom ; Locn-locdla ; Pra—perlstomie or tube dey^oped 
by growth of peristome. The thin broken line indicates the membraneous ectocyst, 
while the thin double line represents the operculum. 

1-2. Longltiidinal sections through sooecia with an endosooedal ovlcell. The ovlcell is 
within the sooecium itself and the operculum closes both the zooecium and the ovl- 
cell. In 2 a fold of the sooecial wall separates the oviccU from the zooecium. 

8. Mioropora ooriaoea Esper. A group of zooecia» X25, with two showing the endo- 
sooecial ovlcell and the operculum closing the ovlcell as well as the sooecia. 

4. VelumeUa levinteni Canu and Bassler. Zooeda, X40, with the two uppermost bear- 
ing the small endosooedal ovlcell. 

5-7. Sections showing three types of hyperstomial ovlcell in which the ovicell is placed 
on the distal sooecium. In 6 the ovicell opens below the operculum, and there is thus 
only one aperture. In 6 there are two apertures, and the operculum in opening doses 
the ovicell. In 7 the ovicell opens above the operculum. 

8. Three ovicelled sooecia of Ramphonotua minam Busk, X60, illustra;tlng the hyper- 
stomial form of ovicell. 

9. Sketch of endotoichal ovicell in which the ovicell is completely separated from the 
sooedum and its orifice is removed from the aperture and placed in the same plane. 

10. Two Booeda, X50, of CeRorfo ainvosa Hassall, showing the apertures of the small 
endosooedal ovicell in advance but on the same plane as the large zooecla] apertures. 

11. Ovicelled zooeda, X86, o(f Umhonula verrucosa Esper with hyperstomial ovicell 
opening largely above the aperture. 

12-18L Hyperstomial ovioells. In 12 the ovicell is placed in a deep cavity of a distal 
zooecium. The operculum is very oblique and operates in a special chamber or lo- 
cella. 18 represents a special type in which the ovicell opens above the operculum 
in the perlstomle or tube formed by the growth of the peristome. 

14. A group of zooeda, X23, of Tubiporella magnirostriB MacGillivray, with two peri- 
stomial ovicells. 

15. Diagram of a perlstomial ovicell showing Its formation by an enlargement of the 
perlstomle. 

1ft. Tfpical example {PhylaeteUa labroaa Busk) of the recumbent ovicell, X80, in which 

the ovicell is placed on the distal wall of the zooecium itself. 
17. A sketch of a recumbent ovlcell showing its relations to the zooecla and operculum. 
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within special cavities of incubation which, when yisiUe, are called 
oricells. A large number of species of Cheilostomata show no ovi- 
cells and nothing on the exterior reveals their mode of reproduc- 
tion. Some are oviparous and expel their eggs by an intertentacular 
organ, but most of this order have some visible ovicell. An oviceU 
of a particular form and position usually characterizes all of tiie 
genera of a family, and it is of course an invariable rule that all 
the species of a genus should bear the same kind of ovicell. In addi- 
tion to the position of the ovicell, the relationship of the operculum 
to the ovicell is also quite important. Its various methods of opera- 
tion are illustrated in the accompanying diagram, which shows 
sketches of the more important types of structure. (Text fig. 9.) 
A section passing lengthwise through the zooecia or individual oeUs 
is necessary to determine the nature of the ovicell as well as the gen- 
eral structure. This section requires much care, as the specimen must 
be mounted on edge and the abrasion must follow a definite row of 
cells. By the use of small wire nippers it is easy to trim the speci- 
men to just the right form, then by mounting it in hardened balsam 
between two small bits of wood (fragments of a match serve excel- 
lently) to hold it on edge, the abrasion can be continued until the 
desired section is obtained. Actual dissection of the specimens with 
a fine needle under the microscope is often necessary, espedally to 
determine the nature of the ovicell. 

Hydrostatic function. — ^The discovery of the zooecial hydrostatic 
function by Jullien in 1888 explained many manifestations of the 
bryozoan which for a long time had remained absolutely unknown. 
This function of the extrusion of the poljrpide is so important that 
the two suborders of the Clheilostomata, the Anasca and Asoophc^a, 
are based upon it. In the suborder Anasca the so-called compensa- 
tion sac is wanting and the polypide is extruded from the zooednm 
through the depression of the chitinous frontal wall by parietal 
muscles. This feature, as well as the general anatomy of the poly- 
pide in this order, is illustrated in text figure 10. In the Ascophora 
the polypide can emerge from the zooecium only if an equal vol- 
ume of water is introduced to compensate for the extrusion. For 
this purpose the compensation sac (text fig. 11) or compensatm 
is placed beneath the dorsal under the larger part of the zooecial 
length and communicates with the aperture. At the moment of ex- 
trusion of the polypide, muscles attached to the compensation sac 
contract, thus enlarging the sac, and the operculum in opening for 
the extrusion of the polypide frees its orifice. A minute drop of 
water then penetrates into the sac, thus compensating for the poly- 
pide. The entrance of the water into the compensation sac is thus 
the hydrostatic function and it is exercised in many ways which 
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are indicated by the nature of the frontal and of the operculum. 
The nature and shape of the operculum is thus very important and 
whenever possible the student should make a q>ecial study of this 
organ. 

Operculum. — ^This small chitinized organ closes at the same time 
both the orifice of the polypide and of the compensation sac, its an- 
terior part, or airUer^ closing the former and the posterior part, or 
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Fio. 10. — General anatomy of the Cheilostomata. Two sooids of the 
common oomeons cbeUoftomatons bryosoan {Bugft^ avioulofriBk 
Linnaeus) from the Atlantic, showing the yarioos parts of the 
polypide, highly magnified. (After Parker and Haswell.) 

pasteTj similarly closing the latter. Thus the shape of these two por- 
tions is eyidence of the nature of the tubes they close and the de- 
termination of the operculum is an important feature. (Text fig. 12.) 
In one large group of the Ascophora the orifice of the compensation 
sac is very small and the operculum has a corresponding small nar- 
row tongne; in another group this orifice is quite large and the cor- 
responding portion of the operculum is large ; again a special tube, 
the spiramen (text fig. 13), may introduce the water into the com- 
42808**— 22 ^24 
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penfiatrix. Finally^ the ccmipeiiiBation sac may not ^d ia the aper- 
ture at all, bnt may opto exteriorly by a special pc»ie, the ascopore. 
The form of the operculum is therefore in moet cases identictl 
with that of the aperture, but the latter on fossil forms is not always 
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Fig. 11. — Diagrammatic drawing of a Cheilostomatous bryozoan belonging to the sub- 
order Ascophora, showing the oTiceU (0), the ornamental calcareous frontal wall with 
a spear-shaped avlcularium and the form of the operculum with its posterior porttai 
ip), which leadB into the compensation sac (c). the anterior portion (a) closdng tbt 
orifice of the polypide (P). The hinge or cardelle iiiK>n which the opercnlnm opentM 
is shown at o and the commnnication pores or septulae* between the sooeda, at t. 

visible exteriorly, for it may be hidden by excessive calcification of 
the frontal or by exterior organs such as the avicularia. The only 
safe means of determining the true form of the aperture is the ex- 
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Fio. 12. — OpercnUu Sketchei allowing tbe opercnlnm In different genera of 

CtiellofltomAU. 

1-3. Anasca, no compensation sac (1, ThalamoporeUa; 2, SteganoportUa; 
a, Aapidoatoma) . 

4-18. Ascophora, illustrating the yarlations in form of the anterior portion 
of the opercnlnm (anter) through which this polypide emerged and tbe 
posterior part (poster) by which '^ter was introduced into tbe com- 
pensatrlz. (4, Trypoetega; 6, TriphylloMOon ; 6, Bmktina; 7, Eolopo- 
reUa; 8, BHchop&rina; 9, Bipora; 10, PerUiomeUA; 11, Behitmopwra; 
12, Rhynchogoon ; 18, SchUtopodreUa,) 

amination of the interior of the stooecium obtained by abrasion of the 
basal surface. This preparation is easily made by mounting tht 
fragment to be studied in hard Canada balsam on a glass slip, celln- 



Digitized by 



Google 



THE BBYQZOA— -BASSIiBB. 



«71 



liferous side down, and then tubbing away the superfluous material 
until the inner side of the calcified frontal wall is revealed when thd 
true nature of the frontal unchanged by any external influence may 
be found. 

The preparation of the operculum, which remains only on rec^t 
forms of course, is another important and quite simple operation. 
The simplest way to prepare slides for viewing under the microlsoo^ 
is to scrape off a few zooecia with the operculum in place, cru^ these 
carefully in a drop of water on the slide and after drying idd 
Canada balsam and a cover glass. Some of the opercula will lH 
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9^0. 13. — Stmctare of the Ascophora. Tetsardoma ffracile Sars. A recent spedes of the 
Ascophora showing a soarlal branch, X60, and a drawing of a longitudinal section 
through a single zooeclum with the various parts of the zooecium and polypide Indi- 
cated. (After Hincks and Jollien.) 

broken by this crude method, but enough perfect specimens will re- 
main to make the saving of time worth while. 

Formation of the zoariaZ skeleton. — The living tissue of the bryo- 
zoan giving rise by its differentiation to all the various organs is a 
delicate epithelial membrane, the endocyst, lining the interior of the 
skeletal parts. The first differentiation of the endocyst is the ecto- 
cyst, a thin outer covering membrane which has no secreting power. 
Next, the endocyst secretes the mesenchyme, which in turngives origin 
to the polypide and other portions of the organism.'® Tne calcare- 
ous or chitinous secretion forming the zoarial skeleton occurs be- 



» 1900. Calret, L. Cbntribations a lliistorie des bryofoalres ectoproctee marinil. 
TEUX de rinatitnt Zoologie de rUniTerait^ de MontpeUler, new ler., Memoixe No. & 
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tween the ectocyst and endocyst and with all of its variations in struc- 
ture and accompanying organs, such as vibracula and avicularia, is a 
result of the activity of the endocystal buds. The walls of the zoarial 
skeleton may consist simply of a smooth thin calcareous deposit, the 
olocyst, or above this may be secreted a second very porous layer, the 
tremocyst, intimately joined with the olocyst, although sometimes 
clearly detachable. A third layer, the pleurocyst, consisting of a 
granular deposit with lateral punctations, may also occur. The pores 
of these several layers are traversed by mesenchymatous fibers which 
likewise pass from zooecium to zooecium through the lateral walls 
by small pores called septulae. These may be uniporous or multi- 




Fio. 14. — Septulae and diatellae. 

1-8. Septulae or parietal pores through which the mesenchymatous fibers pass 
from one zooecium to another. 1. Edge view of a zooecium of Cheilopora 
sinoera Smitt with multlporous septulae developed ( -• rosette plates of 
authors). 2. A greatly enlarged view of a multlporous septula illustrating 
details of the structure. 3. Edge view, X23, of portions of two zooeda of 
Htppopodina fegeetiMis Busk showing uniporous septulae through the lateral 
walls. 

4r-S. Dletellae or pore chambers. Views of various species of Cheilostomata 
magnified, as seen from the basal side and illustrating the variation in as- 
pect of the diatellae. 4. PeriatomeUa prettans Hincks. 5. SlUsina levata 
Hincks. 6. Callopora lineata Linnaeus. 7. Cauloramphu* epinifer Norman. 
8. Trypoateifa venu9ta Norman. 

porous (text fig. 14), but before reaching the septulae the mesen- 
chymatous fibers traverse small lateral chambers in the proximal 
part of the zooecium, called dietellae or pore chambers. 

The discrimination of the characteristics of these various zooe- 
cial skeletal features is important in the determination of genera and 
species, and so it is necessary in study that the f oDowing preparations 
be made. First, thin sections of the waU, particular the frontal, are 
needed to illustrate the characters of the three layers, olocyst, tremo- 
cyst, and pleurocyst. Second, the frontal must be abraded away to 
show the occurrence of such structures as dietellae. This abrasion is 
effected by mounting the specimen, frontal side up, in Canada balsam 
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on a slide and after heating to harden the balsam rubbing it gently 
on a soft hone. 

Avictdaria and vtbraculcu — ^The "bird's head" organ or avicu- 
larimn (text fig. 15) attached to the zooecia of many Cheilostomata 
consists of a small cell containing a rudimentary polypide and of a 




Fig. 15. — Ayicularia and Vlbracula. 

1. Holoporella descoaiiUH Sayigny-Audouio, X25, with large ayicularia pre- 
■erving bar on which the mandible operates. 

2. Antropora granulifera Hlncka, X30. The aylcularia are small and devel- 
oped in pairs Just above the aperture. 

S. Orammella onsaimarffinata Hincks, X30» in which the avicularia are very 
similar to the sooecia bat may be distingnisbcd by the occurrence of the bar. 

4. Maztigophora hyndmanni Johnston, XSO. Zooecia preserving the long vi- 
bracalnm and the pore from which it emerges. (After Hincks.) 

mobile chitinous mandible which in life keeps up a snapping motion. 
The latter peculiarity led to the belief that the purpose of the avicu- 
laria was one of defense, but it is more probable that they have some- 
thing to do with alimentation or oxygenation. The mandibles are 
symmetrical objects corresponding to the opercula of normal zooecia 





Fio. 16. — ^Mandibles. 

Various types of this chitinous^portion of the avicolarium^ magnified, which 
is useful in the identiflcation of cheilostomatous bryozoa* 1, Adeonettop- 
9i8; 2, BtnitUna; S, PerUtomeUa; 4, Sohieopodrella : 5, Smittina; 6, Bete- 
pora; 7, Holoporella; 8, Retepora; 0, Adeona; 10« Triphyllozoon; 11, Thal- 
wnoporella; 12, Bmittina; 18, Vmbonula; 14, ThiOamoporeHa, 

and like them varying in shape with the species, so that the determi- 
nation of their size and shape is as essential in detailed work as that 
of the opercula. Their preparation for study under the microscope 
is the same as for the opercula, already described; indeed, the two 
will almost always be found on the same slide. Some of the varia* 
tions in the form of the mandibles are illustrated in text figure 16. 
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T^y usaally have a atrai^^t proziinal edgo, which works against a 
calcareous bar, or, when this is not complete, from two teeth. In 
ti^e fossil forms and in mmiy dead specimens of recent species the 
mandible has been lost, but its position is clearly indicated on the 
porelike spaces left by the avicularia in well-preserved specimens- 

The yibracula (text fig. 15) are modified zooecia, similar to the 
avicularia, but differing in the occurrence of a long cilium or seta in 
place of the mandible. The porelike excavation it leaves in the fossil 
forms does not show the variation of structure observed in the 
avicularia. 

Clasdfvcixtion, — ^From the foregoing discussion it will be noted that 
more factors enter into the determination of a cheilostomatous bryo- 
zoan than in those of any other order. First the presence or absence 
of a compensation sac must be learned in order to place the species 
in its proper suborder ( Anasca or Ascophora) . Then the relationship 
between the operculum and the ovicell and, again, between the oper- 
culum and the compensatrix, the position of the ovicell, the form of 
the aperture, the nature of the frontal wall, which may be chitinous 
or, when calcareous, may be smooth (olocyst), punctate (tremocyst), 
or radiately ribbed (pleurocyst), the occurrence of dietellae and sep- 
tulae, and of avicularia and vibracula, as well as other more detailed 
structural features which have not been discussed in this article, are 
to be observed in turn. The proper description and illustration of a 
species of Cheilostomata is a considerable task in itself, which can not 
be accomplished simply by publishing a diagrammatic figure of the 
zooecial surface characters. 

Formerly the classification of the Cheilostomata was based on 
purely zoarial features, but in the latter half of the nineteenth cen- 
tury the zooecial characters were more closely studied, especially by 
Busk,*i D'Orbigny," Smitt,*« and Hincks." The latter author con- 
sidered especially the form of the aperture — ^in other words, only the 
hydrostatic system — but JuUien^^ in various publications emphasized 
the more important characters 'for consideration. The microscopic 
anatomy of the polypide in the Cheilostomata is described and illus- 
trated in detail in Calvet's important contribution in 1900.'* Various 

«Bu8k George. Catalogue of Marine Polyioa In CoUectioB Brittob Mnsrarn. CheHo- 
Btomata (1852) ; Polyxoa collected by H. M. S. ChaUenger, Pt. 1. ChellostomaU, Vol S, 
Pt XXX (1884K and Tarious articles entitled *' Zoophytology In the Quarterly Joarnai 
Microscopical Science from 1856 to 1867. 

» D'OrMgny, Alcide. Pal^ntologle francala. Terrain Cr6tac6, Vol. V, 1862. 

"Smitt, F. A. Ijritisk fOrtecknig 5fver Skandinaviens Hafsbryozoer. Ofvenigt af 
Kongl. Vetenakape-Akademiens F6rhandlingar, vols. 22 to 24 (1865-1867) and roL 28 
(1871). 

>« Hincka, Thomas. British Marine Polysoa (1880). 

"Jnllien, Jules. Mission Scientiflque du Cap Horn, 1882, 1883» Vol. VI, Zoologie. 
BryofoaiMS (1888). 

« Calvet, L. Contributions a Thistorie des bryosoaires eetoproctes marina. TraTanx d» 
rinstitut Zoologie do rUniyersit^ de Montpellier, new ser., Mem. No. 8, 1900. 



Digitized 



by Google 



THE BRT02S0A — ^BASSLBB. S75 

works on the structure of the Cheilostomata have been issued by 
Harmer, and Waters since 1878 has been a most important contributor 
to this subject. His many memoirs on both Cenozoic and Becent bry- 
ozoa likewise are of the highest value. In 1909 I^evinsen *' published a 
memoir which is indispensable to the modem student. 

The fossil Cheilostomata also form the subject of numerous 
researches, among which the work on Cretaceous faunas by D^Orbigny 
and various monographs on the Tertiary of Europe,"* Africa,** and 
South America ^^ by Canu and of North America ^^ by Canu and 
Bassler should be mentioned. The last-named work contains numer- 
ous text figures illustrating family and generic structure, in addition 
to detailed references to the literature. 

DISTRIBUTION OF THE BRTOZOA. 

The continent of North America is undoubtedly the most favored 
part of the earth for reading Paleozoic history, and it is equally 
favored for the study of fossil bryozoa, as many of the Paleozofc 
marine limestone and shale formations abound in these organisms. 
The Eurasian land mass presents many surface exposures of Paleo- 
zoic age, but they are to a greater or less extent disconnected, and the 
fossil forms are not so well known as in America. In Asia the Salt 
Range of India has yielded Carboniferous bryozoa, while in Europe 
the region of the Ural Mountains and the areas bordering on the 
Baltic Sea, England, and Scotland contain most of the Paleozoic 
strata which have thus far afforded specimens. Three or four times 
as many species have been made known from the Paleozoic of North 
America as from all the rest of the world. 

The earliest undoubted bryozoan is a species of the peculiar trepo- 
stomatous genus Nicholsonella^ occurring in the Canadian rocks of 
Arkansas, although a species referred doubtfully to the Ctenostomata 
has been described from the Ungulite sandstone of Early Ordovician 
age in Esthonia. The limestones and shales of the various divisions of 
the Ordovician above the Canadian abound in stony bryozoa of the 
Cryptostomata and Trepostomata (pi. 1, fig. 1), although the Cyclo- 
stomata are represented and an occasional species of Ctenostomata 
may be found. In the Silurian, bryozoa are not so common, and the 

"'LeTinsen, G. M. R. Morphological and systematic stadies on tbe CheiloBtomatoos 
Bryosoa (1909). 

"Canu, F. Bryosoeires des terrains tertiaries des environs de Paris. Annaies de 
Paltentologie, tomes 2 (1907), 3 (1008), 4 (1909), and 6 (1910). 

** Canu. F. Etude compar€e des Bryosoalres Helv^tiens de I'Egypte avec les Bryosoairee 
rivants de la Medlterran4e et de la mer Rouge. Memotres de rinstltut Bgyptlen, tomte V^ 
1912. 

*Canu, F. Iconograpiiie des Bryosoalres fossiles de I'Argentlne. Anales del Museo 
Nadonal de Bncnoa Aire% tomo ZVII (1908), tomo XXI (1911). 

*^ Canu and Bossier. North AmoricaA Early Tertiary Bryosoa. Bulletin 106, U. S. Na 
tional Museum, 1020. 
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Cryptostomata developed at the expense of the Trepostomata. In 
the Devonian and Carboniferous the Trepostomata became moch 
reduced in numbers and finally disappeared, while the Cryptostomata 
formed a wealth of species, especially of the lacelike FenesteUa (pi. 1, 
fig. 2) and its allies. The Ctenostomata remain as sparsely repre- 
sented as before, but the Cyclostomata have increased in number by 
the development of the great family Ilstuliporidae. 

With the beginning of the Mesozoic a decided change occurs in 
the bryozoa. The Cryptostomata and Trepostomata have disap- 
peared entirely, the Ctenostomata are as rare as before, but the 
Cyclostomata now develop great numbers of species, with zoaiia quite 
similar in many instances to the Paleozoic Trepostomata. The 
Cyclostomata remain the predominating type until Upper Creta- 
ceous time, when the Cheilostonmta, which appear in the Jurassic, 
now expand into so many species that they soon attain supremacy. 
D'Orbigny alone has described not less than 537 species of Upper 
Cretaceous Cyclostomata and 300 Cheilostomata, although many of 
these are synonyms. This great development of the bryozoa in the 
Mesozoic is known only in European strata, for in North America 
and in other parts of the world these rocks have yielded compara- 
tively few bryozoan faunas. 

Both North America and Europe are noted for their Cenozoic 
bryozoan faunas. The Atlantic and Oulf coastal plains of North 
America and the northern and southern slopes of the Alps, as well as 
numerous other localities in Europe, are rich in bryozoa with the 
Cheilostomata and Cyclostomata well represented and the former 
predominating. Southern Australia likewise affords an abundant 
Tertiary bryozoan fauna. 

In the recent seas the Cheilostomata, exhibiting the bryozoa at the 
highest stage of their perfection and beauty, is the predominating 
order and numerous species have been described from all the oceans 
where they occur, usually in abundance, from tide level down to 
great depths. The voyage of the Challenger brought forth a wealth 
of species which has since been greatly augmented by various ex- 
peditions, as well as by the activity of local collectors. The seaweed 
tossed up so abundantly along certain coasts is a fertile collecting 
place for many parasitic species of Cheilostomata and Cyclostomata. 

STRATIGRAPHIO VALUE. 

The use of fossil bryozoa in stratigraphic work has scarcely at- 
tained the importance it deeervea In American Paleozoic strata 
they are preeminently the fossils to be relied upon in correlation 
work. They are nearly always abundant, and even when poorly 
preserved exteriorly can be identified by thin sections. Cxinoids and 



Digitized 



by Google 



THE BBYOZOA— BASSEIBB. 377 

crustaceans are usually too scarce ; mollusca, abundant in some forma- 
tions, are almost wanting in others, and likely to be poorly pre- 
served; vertebrate remains are too few, and usually local in dis- 
tribution. The brachiopods are also usually abundant in all Pale- 
ozoic strata, but have commonly too great a range vertically to be 
trusty guides in dose work. 

In the Mesozoic rocks of America bryozoan faunas are few and so 
far little known, but in Europe they assume an importance equally 
as great as the Paleozoic faunas in America. In both continents the 
Cenozoic faunas are abundant and of great value for correlative 
purposes. In North America over 1,000 Cenozoic species are known, 
while in Europe the number is equally large. 

Because to the unaided eye there seems little variation of form 
among the bryozoa, they have been generally neglected by collectors 
and geologists. Early writers are also to some extent responsible 
for this neglect, for they failed to discriminate the different species, 
and made a few names, such as Chaetetes lycoperdoriy Stenopora 
fbrosa^ etc., serve for a multitude of diverse forms. It is no doubt 
true, and this is another cause for the neglect of the bryozoa, that 
their discrimination does require good powers of observation and 
careful, often tedious, study. Furthermore, the number of species is 
great. Somewhat more than 1,500 species have been described from 
American Paleozoic formations, yet these are probably but a half 
or a third of the distinguishable forms present and already largely 
known to specialists in the subject. The determination, at least the 
first determination, of the species often, and among the Trepostomata 
nearly always, requires the preparation of microscopic sections, a 
tedious operation at best However, when once a species has been 
thoroughly worked out, it can generally be distinguished externally 
from associated forms of similar appearance by quite constant dif- 
ferences, which often seem trifling and yet are doubtless of mor- 
phological importance. These various considerations would seem to 
compel greater labor for the mastery of the bryozoa than for any 
other class, but accurate determination of the brachiopods, corals, 
graptolites, and other more widely studied groups requires equally 
great efforts. 

In spite of numerous researches on the bryozoa as a whole, a be- 
ginning only has been made in the work of determining the geo- 
graphical distribution of species and genera and of elucidating the 
many obscure questions regarding the migration of faunas in the 
ancient as well as in the modem seas, theii: extinction or evolution, 
their reapparition and like phenomena. Similarly the study of the 
larval forms, the anatomy of the polypide, and of the various sub- 
jects concerned in the relationship between the polypide and the 
zooecium offers a wide field of research. 



Digitized 



by Google 



878 ANNUAL BEPOET BMITSBOmJJS INBIITUTION, 190). 

BXPIANATION OF PLATES. 

PlATB L 

Fio. 1. — Limestone slab, natural size, composed mainly of Trepostomata or 
stony bryoEoa. Middle Ordovldan, St Panl, Minnesota. 

Fio. 2. — Surface of limestone, z 2, from the Lower Carboniferous (Warsaw) 
limestone at Ck>liimbia, Illinois, exhibiting ttie remains of laoelike biyoaoa 
(FeneateUa and Polyfiora) of the order Cryptostomata. 

Platb 2. 

Fib. 1.— Bryoeoan marl from the Early Tertiary rocks of South OaroliBa. 
The figure to the left (x 2) represents the rock as exposed by weathering and 
the one to the right the appearance of the specimens (x 2) after preparation 
for study. 

Fig. 2— Dredglngs from the vicinity of the Philippine Islands showing Tarious 
types of recent chellostomatous bryozoa, natural size, in a more or lees tng- 
mentary state. 

Platb 3. 

Growth forms in the Cyclostomata. 

Fio. 1. — ^A typical encrusting linear species Stomatopora pratti Canu and 
Bassler, x 4, from the Eocene (Jac3Esonlan) of North Carolina. A second, vecy 
minute, species of Stomatopora is also preset 

Fig. 2. — ^Portion of the zoarium of Stomatopora poUygona Canu and Bassler, 
X 4, illustrating tendency of the branches to form polygons. 

Fig. 8. — A fragment of Early Silurian stony bryozoa (Cryptostomata) with 
an encrusting cyclostomatous species, Corynotrypa turgida Ulrich, and tlse 
latter magnified, x 6, to show the curious club-shaped zooecia. 

Fig. 4. — ^Another species of encrusting Cyclostomata, Oorynotrypa infiaia HaU, 
X 6, introduced for comparison with the preceding to show how these sinqUe 
species differ from each other. 

Fig. 5. — A common, recent bryozoan, OriHa, magnified, consisting of erect 
tuftlike zoaria made up of articulated segments with the z6becla arranged in 
two rows. The prominent ovlc^l is present. 

Fro. a— Another reoent Jointed bryosoan, OrisWa oomuta Ellis» x 16, with 
uniserial zooecia. 

Fig. 7. — ^Noncelluliferous side of an erect, much-branched zoarium, s:omen 
frondiculata Lamouroux, from the recent seas. 

Fro. 8.— Cellnllfterous side of Diseosparta marginata D'Orblgny, magnified, 
from the Cretaceous of France, showing subcolonies in yarlous stages of growth. 

FiQ. 9.— A pear-shaped zoarium, lAehenopora franqana D*Orbigny» magnlAed, 
from the Cretaceous rocks of France. 

Fig. 10. — ^A recent fungiform bryozoan, Fascioulipora ramosa D'Orhigny, 
from South Patagonia, slightly magnified. 

Fig. 11. — Lateral view of Idmonea maffttireversa Canu and Bassler, x 8, from 
the Eocene (Jacksonian) of North Carolina, showing the zooecial openings 
on one side of the branch only. 

Fig. 12.— Another brandling q)ecies, Mecynoecia cylindrica Cftnu and Bassler, 
X 8, from the Eocene rocks of North Carolina, in which the apertures open on aH 
sides of the zoarium. 
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Fio. 18. — A bittnchlng species, Zonopora cottaldina D'Orbigny, magnified, 
from tlie Cretaceous of France, with the zooecial apertures and mesopores ar^ 
nnged in k'^^nlar zonea 

F10. 14.— Magnified view of a solid ramose species, MultUxtvea moffniflca 
D*Orbigny, from the Upper Cretaceous of France. 

Pig. 15. — ^A solid ramose bryozoan, Tretocycloecio aitenuata Ulrlch, x 8, 
from the Lower ESocene (Midwayan) of Arkansas, with miBSopores and a zoa- 
rlum as in the Trepostomata, but possessing the ovicell (broken) of the Cyclo- 
stomata. 

Fig. 1^ — ^A composite zoarium, Centronea {Multituhigera) micropora Reuas, 
enlarged, from the Bocene rocks of Northern Italy. 

Fig. 17.— a very common, simple ramose species of Cyclostomata, Mecynoecia 
proho^oidea Milne-Edwards, x 8, from the Tertiary (Vicksburgian) rocks of 
Alabama. 

Fio. IB. — ^Another branching spedes, Spiropora majuscula Canu and Bassler, 
X 8, from the Eocene of South Carolina, showing the arrangement of the aper- 
tures in regular rows. 

Plate 4. 

Structural features of the Cyclostomata. 

Fig. 1. — ^Zoarium of Stomatopora parvipora Canu and Bassler, x 12, from the 
Eoceue rocks of Mississippi showing the orbicular protoeclum from which the 
first zooedum or ancestrula develops. 

Fig. 2. — ^Drawing of a recent, bilinear, encrusting species, Periatomoecia 
(Stomaiopora) diver gens Waters, enlarged, in which the free p(»rtion of the 
tube enlarges to form the ovicell. 

Fio. 3.— A recent encrusting species, Oncousoecia (TubuUpora) lohiOata 
Hincks, magnified, with the axis of the ovicell parallel to the tubes. 

Fig. 4. — An ovicelled branch, x 6, of a fossil species, Idmonea gnUlator Canu 
and Bassler, from the Eocene rocks of Alabama, showing the ovicell on the 
cellullferous side. 

Fig. 5. — Ovicelled example of TenHa irregularis Meneghini, x 6, illustrating 
the position of the ovicell on the dorsal, noncelluUferous side, characteristic 
of the family Tervlidae. 

Fio. 6. — Ovicelled zoarium, x 10, of the recent species TubuUpora fiaheUaris 
Fabricius. 

Fio. 7. — ^The characteristic ovicell of the family Macroeciidae Canu, x 6, in 
which the oeciostome pr opening of the ovicell is unusually large. 

Fio. 8. — ^Basal side of an ovicelled zoarium of a discoidal species, Discocytis 
eudesi Michelin, x 3, from the Cretaceous rocks of France. The ovicells (some 
of them broken) form a regular circle about the base. 

Fio. 9. — ^A portion of the jointed colony of Crista showing the characteristic 
ovicell in the family Crisiidae. 

Fio. 10. — ^A common recent and fossil bryozoan, Mecynoecia {Entalophora) 
probosoidea Milne-Edwards, x 6, illustrating development of the ovicell parallel 
to the tubes. 

Fio. 11. — ^A recent encrusting species Plagioeda patina Lamarck, x 6, exhibit- 
ing position of ovicell at right angles to the direction of the zooecia, characteris- 
tic of the family Plagioecildae. 

Fio. 12.— The ovicell of Partretocydoeda porosa Canu and Bassler, x 6, from 
the Ekx:ene rocks of South Carolina, showing characteristics of the Tretocycloe- 
didae, a family of the Cyclostomata with mesopores and other features resem- 
blinif the Trepostomata. 
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Figs. 13-15.— Tergoporea 18. Longltadinal tiiln sectton of PlenroiiM mUk- 
pertusa Ganu and Bassler from tbe Eocene of MlaalssippL* x 12, filustratlnf Om 
structare of the tergopores (to the right) and the sKwedal tabes. 14. Lafii 
Bide of the zoariam, x 6, ahowing oblique arrangement of die apertnreik ]& 
Dorsal side of the zoarinm, x 6, illustrating the large tergopores. 

Figs. 16-18.— Vacuoles. 10. Dorsal side, x 12, of Harnera froiMllcvlal* la- 
mouroux showing the vacuoles at the base of longitudinal sold. 17. O^ultfeBm 
side of the same q;>ecies, x 12. 18. Longitudinal thin section, x 12» of B w mm 
antarctioa Waters showing vacuoles on both the frontal (to the left) sal 
dorsal sides. 

Figs. 19-21.— Gancelli. 19. An ovlc^led specimen of Liekenopom rtilrti 
Audouin, X 12, showing the zooecial apertures in regular rows separated Iv te 
cancelli. 20. Longitudinal thin section, x 12, of Lichmopara gvWiuH Bmhl 
The cancelli are the superposed and ramified tubes. 21. Portion of a zoaxtaAllf 
lAohenopora holdsworthi Busk, x 12, illustrating the q;>inules in the caneeliL^ 

Figs. 22-24.— Dactylethrae. 22. Dorsal side of a branch, x 12, of Srko t amu 
admota Oanu and Bassler, from the Eocene (Jacksonian) of North Qvollii 
exhibiting the dactylethrae. 23. A longitudinal thin section of Erkomim 
semota Ganu and Bassler, x 12, showing zooecial tubes^to the left and daet|to- 
thrae to the right 24. Cellnliferous side of B. ckfmoltf Canu and Bassler, x 32. 

Figs. 25-27.— Firmatopores. 25. Lateral view of a branch of Idmidftnm 
cuUer Oanu and Bassler, x 6, from the Eocene ( Jacksonian) of North OaroUnt 
riiowing the openings of the sooedal tubes in the upper right hand comer and 
the remainder of the branch covered with firmatopores. 26. Longitudinal diiii 
section, X 12, of /. c(>ronopu9 Mllne-Bdwards, Illustrating structure of firmato- 
pores (to the ri^t) and zooecial tubes. 27. Gelluliferous surface of /. nMiMes 
CJanu and Bassler, x 12, from the Eocene (Jacksonian) of North Carolina, ex- 
hibiting the zooecial apertures and the flrmatoporefl. 

Figs. 28-29.— Nematoporea 28. Longitudinal thin section, x 12, of Di§IUh 
de9mopora opposita Canu and Bassler, from the Cretaceous rocks of France 
showing the zooecial tubes to the right and nematopores to tbe left 29. An 
ovicelled branch of the same species, x 6» showing lateral position of the ofiedi 
and the nematopores on the basal (ri^t) side. 

Figs. SO-^.— ^Mesopores. 80. Longitudinal thin section of Treioepctoeda 
reticulata Canu and Bassler, x 6, showing the formation of the numerooi 
meeopores in this species. 8L A zoarium of this species, x 6, from the Booene 
(Jacksonian) of South Carolina illustrating the resemblance at the surface be- 
tween the zooeda and mesoporea 
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Session of Wkdnesday, December 28 

Tlie general session of the Society, for the presentation of annual re- 
ports and other business, scheduled for 2 p. m., Wednesday, December 28, 
was postponed until Thursday, at 9.30 a. m., in order that the members 
could attend the section of the Geological Society of America where the 
stratigraphic and paleontologic papers forming Group B were being read. 

Wednesday evening the members participated in a smoker at College 
Hall with the Geological Society of America and affiliated societies and 
listened to the address of Prof. J. F. Kemp, its retiring President. 



Session of Thursday, December 29 

President Stanton called the thirteenth annual meeting of the Society 
to order at 9.30 a. m., December 29, in the geological lecture-room of 
Geology-Biology Building. The first matter of business was the report 
of the Council. 

report op the council 

To the Faleontological Society, in thirteenth annual meeting assembled: 
Two meetings of the Council have been held during the year, one fol- 
lowing the last annual meeting and the other immediately preceding the 
present session, all other business liaving been transacted by correspond- 
ence. The Council's administration of the Society's business for the 
thirteenth year is presented in the following reports : 

Secketaby's Report 

To the Council of the PaJeontological Society: 

The proceedings of the twelfth annual meeting of the Paleontological 
Society, held at Chicago, Illinois, December 28-30, 1920, are printed in 
volume 32, number 1, pages 119-156, of the Bulletin of the Geological 
Society of America, printed March 31, 1921, and distributed to the 
members. 

The announcement that the thirteenth annual meeting of the Society 
would be held at Amherst, Massachusetts, December 28-30, 1921, as the 
guest of Amherst College, and the Council's proposed nominations for 
officers for 1922 was issued February 22, 1921. 

Membership. — The Society has lost two of its Correspondents by death 
during the year — Dr. Henry Woodward, of the British Museum and 
editor of the Geological Magazine for over 50 years, and Dr. Alfred 
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Nathorst, of the Royal Natural History MuHeum, Stockholm, geologist, 
Ar(»tic explorer, ethnologist, and probably the most eminent student of 
paleobotany. We have also suffered the loss of one member, Mr. John T. 
Doneghy. One member has resigned during the year. Four new mem- 
bers have just been elected and three additional nominations are awaiting 
consideration at the present meeting. This year five of our members have 
been elected to fellowship in the Geological Society of America. The 
result of these various changes leaves a total number of members at the 
end of 1921 as 212. 

Publications. — Eight papers published by the Society in the Bulletin 
of the Geological Society of America, in addition to the Proceedings, have 
been distributed to the members during the course of the year. With 
favorable action of the Council, the Secretary has distributed to members 
elected in recent years a considerable number of duplicate copies of papers 
printed in the earlier years of the Society. 

Respectfully submitted, R. S. Bassler, 

Secretary, 

Washington, D. C, December 27, 1921. 

Tbeasureb*8 Report 

To the Council of the Paleontological Society: 

The Treasurer begs to submit the following report of the finances of 
the Society for the fiscal year ending December 24, 1921 : 

RKCEIPTS 

CaHh on hand Deceml^er 22. 1U20 ." ;F«68.«8 

Membership fees 282. .Vi 

Interest, Connecticut Savinjfs Bank Z^.7i\ 

$974.74 

EXPENDITURES 

Secretary's office: 

Secretary's allowance $50.00 

Office expenses 57. 74 

Clerical help 25.00 

$132.74 

Treasurer's office : 

Treasurer's allowance $25.00 

Printing ami postage 13.25 

38.25 

Geological Society of America : 

Printing programs, etcetera $10.50 

Reprints , 115. JW 

126.48 
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Pacific Coast Hectlon : 

Assessment for the AinerUran AHHoolatlon for the Ad- 
vancement of Science 5 .(K) 

302.47 

Balani-e on hand ne<«em»H»r ;M, 11»21 1672.27 , 

Net increase in fuud.H $3.59 

Outstanding dues ( 1921 ), 7 21 .«» 

KespectfuUy submitted, 

(Signed) Richard S. Lull, 

Treasurer, 
New Haven, Connectic[tt, December 24, 1921. 

APPOINTMENT OP AUDITING COMMIITEK 

President Stanton appointed Messrs. Raymond and (-ushman as a 
committee to audit tlie Treasurer's acifounts, following the reading of the 
Council's report. 

ELECTION OF OFFICKUH AND MEMBERS 

The result of the Ballots for the election of officers for 1922 and of 
new members was then announced, as follows : 

OFFJOBRB FOR mi 

President: 
W. D. Matthew, New York City 

First Vice-President: 
E. S. RiGGS, Chicago, 111. 

Second Vice-President: 
E. W. Berry, Baltimore, Md. 

Third Vice-President : 
B. \u Clark, Berkeley, Calif. 

Secretary: 
H. S. Bassler, Washington, 1). C. 

Treasurer: 
Richard S. Lull, New Flaven, Conn. 

Editor: 
Walter Granger, New York City 
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NEW MEMBERS 

Walter Scott Adkins, Bureau of Economic Geology, Austin, Texas. 
Antonio Pastor Girai^, care Transcontinental de Petroleo, S. A., Tamplco, 

Mexico. 
A. S. RoMER, I)e|)artment of Geology, Columbia University, New York City. 
'Arthur J. Tieje. I>e[>artment of Get>logj\ University of Colorado, Boulder. 

Colorado. 

NEW XOMIXATIONS AND ELECTION TO MKMBERSHIP 

Three nominations to membership which had arrived too late for the 
printed ballot and which had received the approval of the Council were 
then presented to the Society : 

Miss Alva C. Ellisor, A. B. University of Texas, paleontologist of 
the Humble Oil and Befining Company, 803 Humble Building, Houston, 
Texas. Proposed by B. L. Clark and Chester Stock. 

Fred Willis Darby, engaged in care and preparation of the Marsh 
collection of fossil vertebrates since 1908, Peabody Museum, Yale Uni- 
versity, New Haven, Connecticut. Proposed by R. S. Lull, Charles 
Schuehert, and C. 0. Dunbar. 

Frank Harris McLearn, Ph. D. Yale (1917), associate invertebrate 
paleontologist, Geological Survey of Canada, Ottawa, Canada. Proposed 
by Charles Schuehert, E. M. Kindle, and R. S. Lull. 

It was then voted that the By-Laws be suspended and that the vote of 
the Society for the election to membership of these three nominees be cast 
by the Secretary. 

There being no further business, the Society proceeded to the reading 
of scientific papers in general session, with President Stanton in the chair. 

PRESENTATION OP PAPERS 

The first paper on the program, dealing with the mollusean genus 
Salterella and showing its possible cephalopod affinities, was presented by 
the author and illustrated by drawings. Discussion by Messrs. Foerste, 
Ulrich, and Chadwick. 

SATVRE OF SALTERELLA 
BY THOMAS H. CL\JiK 

{Abstract) 

Since 1863 the genus tialtercUa has been included in the class Pteropoda, 
although its jwsltion there has always been in some doubt A large collection 
of specimens from L^vis, Quebeis has enabled the writer to make a more or 
less thorough study of these little fossils. Although in some specim^is ex- 



Digitized by VjOOQ IC 



ABSTRACTS OF PAPERS 197 

ternal shells are present, the individuals consist for the most part of septa 
placed one within the other, the larger of which possess a "septal neck." 
This, in connection with other characteristics, has led the writer to the cou- 
cluslon that in Salterella we have the most primitive eephalopod known. The 
relation of SaUerella to Volborthella is considered and a revision of the species 
of Salterella is submitted. 

An interesting account of recent cephalopods and of the possible habits 
of these animals, and also of the trilobites, was given in the next paper, 
presented by the author and illustrated with many well selected lantern 
slides. Discussion by Messrs. Foerste and Clarke. 

POSSIBLE HABITS OF CEPHALOPODS AND TRILOBITES 
BY PERCY E. RAYMOND 

{Abstract) 

Knowledge of the anatomy of trilohites has become sufficiently full to allow 
a reasonable spei'ulatlon us to the mode of life and habits of these animals. 
Many writers have made suggestions, and the more plausible have been 
brought together and illustrated by drawings which are the work of Mr. 
Charles Fish, of I'rovidence, Rhode Island. 

Less has been written upon the cephulopods, but a comi>arlson of the shells 
of Recent and I'aleozoic forms and a study of the anatomy and habits of the 
modem nautilus suggest certain possible reconstructions. The importance 
of the shell in the economy of the animal is emphasized. 

In the absence of the autlior, the next paper was read by the Secretary 
and discussed by Dr. Clarke. 

HISTORICAL SKETCH OF PALEOPATHOLOQY 
BY ROY L. MOODIE 

(Abutract) 

Pathological conditions on the fossil bones of extinct animals were first 
recognized and described among the I^leistocene mammals, especially the cave 
mammals of Europe. 

The earliest reference to pathological conditions of this nature was made 
by K. J. C. Ksi)er, a professor in the university of Erlangen, In 1774. He 
referred to an Injured femur of a cave bear, Intei-pretlng the lesion as an 
csteosarconia. Eighty years later Mayer concluded that the Injury was an 
Infected fracture with consideral>le cmUus. (loldfuss, von Soemmering, and 
t'uvler in 1820-23 drew many interesting conclusions concerning the habits of 
the extinct mammals, based on their observations of the injuries. William 
CTlift in 1823 read a pai)er to the Royal Society of London describing certain 
injured and diseased bones of bovine animals. These specimens are said to 
be still preserved in the Hunterian Museum. 

The first memoir devoted entirely to paleopathology was not by a paleon- 
to\og\»t but by a surgeon, yon Walther of Bonn. The Natural History Museum 
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of Bonn had acquired a number of bones of Pleistocene mammals, some of 
which exhibited interesting lesions. Von Walther published his memoir in 1825, 
and was much impressed by the undoubted evidences of disease, thousands of 
years old, which he very carefully described. His interpretations of these 
remains were contirraed seventy years later by the eminent imthologlst, 
Rudolph Virchow. 

Ten years later (la'JS) the subject was further advanced by P. C. Schmer- 
ling, a Belgian palecmtologlst, who wrote and illustrated the finest memoir 
thus far produced relating to paleopathology. His material was chiefly 
Pleistocene mammals. A physician, Mayer, in 1854 produced the next im- 
portant contribution, in which he reviewed all the preexisting literature. His 
results were accompanied by fine lithographic plates. The studies of Virchow 
in 1870 and later in 1895 were lilcewise devoted to remains of Pleistocene 
mammals. 

So far, the literature of paleopathology was of European origin entirely. 
Except for incidental references to pathological conditions by Leldy, OsborD, 
Hatcher, Volz, Schlosser, Wieland, Lull, Gilmore, and others, no definite 
attempt was made to advance the science of paleopathology of extinct animals 
until 15)12, when Abel reviewed the whole field in his work on Paleobiologie. 
Abel, deserves the credit of perceiving a new field of work on the pathology 
of vertebrate fossils — a field which had already been cultivated in America 
among the invertebrates by Clarke. 

In 1913 the entire subject received the impetus of Ruffers* genius. He saw 
the whole 'field as one» and combined for the first time observations on ancient 
man, as seen in the Egyptian mummies, and extinct animals. The field of 
study involved in the subject of paleopathology thus includes the Paleozoic 
invertebrates, among which disease may have had its inception, the fossil 
vertebrates, and ancient man. To these interesting fields of observation 
Sudhoff of Germany and Escomel of Peru have recently added obser^'ations 
on ancient surgical Instrunients. which have been recently shown to be the 
cause of certain types of ancient pathology. The subject thus merges with 
the history of medicine. 

The Secretary then presented the following paper for the author and 
called attention to the algal nature of a specimen of the much-discussed 
. fossil Oldhainia which was exhibited. 

OLDHAMIA IN THE LOWER CAMBRIAN OF MASSACHUSETTS 
BY B. F. HOWKLL 

{Abstract) 

Specimens, apparently referable to the much-discussed and variable Irish 
fossil, Oldhamia {Murchisonitcs) antiqua (Forbes), have recently been col- 
lected from the purple shales of one of the well known liOwer Cambrian 
exposures of Pearl Street, Weymouth, Massachusetts, by Mr. Stinson Lord, 
of Quincy, who has presented them to the Paleontological Museum of Prince- 
ton University. They are well preserved and seem almost certainly to be 
referable to some form of alga, and not to be mere inorganic markings. This 
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sq^ecies was flrst deHcribed from Irelaud more than half a centary ago, but the 
exact age of the beds c»htalniiig it there has never l)een definitely determined. 
The fact that the shales in which it oc<rurs at Weymouth are of Lower 
Cambrian age argues for a similar age for the Irish beds. 

Another problematical organism formed the subject of the next paper, 
presented by the author and illustrated by specimens. Discussion by 
Messrs. Chadwick, Ulrich, Moore, and Clarke. 

NATURE OF TAOSURUS AND ITS USE IN ESTIMATING GEOLOGIC TIME 

BY J. J. GALLOWAY 

(Abstract) 

Taonuru9 is regarded as the burrow of a sedentary worm which lived In 
brackish water on a growing delta. Taonurus caudagalH Is a structure which 
appears in vertical sections of the Ksopus grit as horizontal series of crescent- 
in-crescent forms, in layers about one-fourth inch in thickness, extending 
horizontally many feet und made by different individuals. Most of the rock 
is CH>mix>sed of this structure. Taonurus caudiigaUi api>ears to have been 
formed by worms burmwing horissontally in a layer of mud, each burrow 
being about an eighth of an inch from tlie last. The burrow next to the one 
being formed collapse<l and formed the crescents. After a fresh layer of mud 
one-fourth inch thick was laid down the new annual crop of worms worked 
over that layer, sometimes working over the top of the former layers. If 
the layers of silt represent annual layers, the 700 feet of Esopus grit, ex- 
clusive of the marine Schoharie, was deposited in about 34,000 years. 

The characteristics and correlation of the faunas of the Pennsylvanian 
rocks of north Texas were then described by the author; discussion bv 
E. 0. Ulrich. 

PENNSYLVANIAN FAUNAS OF NORTH TEXAS AND THEIR CORRELATION 
BY RAYMOND C. MOOBE 

(Abstract) 

Recent studies based on large collections of invertebrate fossils from the 
Pennsylvanian formations of north-central Texas indicate that three main 
faunal groups may be recognized: (1) that from the Bend, (2) that from 
the Strawn, Canyon, and lower Cisco, and (S) that from the middle and 
upper Cisco. While these are broadly related, there are distinguishing features 
which readUy differentiate them. As similar faunal groups may be observed 
in the Pennsylvanian rocks of neighboring areas, there is furnished a fairly 
satisfactory basis for paleontologlc correlation. However, the Pennsylvanian 
rocks of the Midcontinent region do not appear to be divisible on the basis of 
faunal distinctions into very minute, widely traceable units. 

The Bend fauna, found in the strata of the Marble Falls limestone and 
Smithwick shale, is marked chiefly by an element which is suggestive of the 
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Mississiiipian, by tlie absence of many of the coniiuonest fossils of the later 
Tennsylvanian, nncl by the presence of a considerable number of species which 
are restricted to this fauna. It closely resembles the fauna of the Wapanacka 
limestone of southern Oklahoma and that of the Morrow group in northeastern 
Oklahoma and northern Arkansas. It is the oldest known* marine Pennsyl- 
vanian 'faiuia in North Anieri(»a. 

The second main faunal group is found in the rocks of the Strawn, Canyon. 
and lower Cisco. It contains a large assemblage of mollusks, among which 
are many of the most characteristic and widely distributed species of the 
period. Because of its very tyi>lcal development and remarkably perfect 
preservation in the Wewoka formation of southern Oklahoma, where It has 
been described excellently by Dr. George II. Girty, this associated group of 
invertebrates may conveniently i»e designate<l as the Wewoka fauna. The 
composition of the fauna found in the Mineral Wells (upper Strawn) forma- 
tion in north Texas is almost the same as that of the type Wewoka fauna. 
The Canyon formations, which are dominantly calcareous, contain a modifica- 
tion of the Wewoka fauna which is apparently a normal consequent of the 
clearer waters of this time. In the lower Cisco a recurrence of the typical 
Wewoka assemblage, with its numerous molluscan species, is seen in the 
remarkably fossiliferous shales of the upper part of the Graham formation. 
While this fauna contains a number of species which are restricted to Texas, 
a very large proportion is identical with the southern Oklahoma species. The 
stratigraphic divisions in Oklahoma which are faunally equivalent to the for- 
mations designated in Texas include most or all of the strata from the Atoka 
to Holdeuville, in the Colgate region, and beds below the Ochelata, in north- 
eastern Oklahoma. In Kansas, Missouri, and States to the north, the faunal 
group regarded as eciuivalent to that described in Texas does not range above 
the Kansas City formation. 

The fossils from the remaining portion of the Texas Pennsylvanian com- 
prise a faunal group which is distinctive of the closing epoch in the period. 
It lacks an important element of the Wewoka fauna and is characterized by 
the appearance of several new si)ecies which are abundant and widely dis- 
tributed in the rocks of the ui>i)er I*ennsylvanian, some of them living on 
into the liower I*ermian. The middle and upper Cisco which contains this 
fauna may be wrrelated closely with the Lansing to W^abaunsee formations 
of Kansas and their equivalents In adjoining States. 

The lines of diiiision between these main faunal groups appear to coin- 
cide with important Interruptions In the deposition of sediments In the 
Pennsylvanian seas of the Midcontiuent region and reflect broadly the 
physical history of the period. There Is a considerable stratigraphic break 
between the Bend and suct»eeding deposits. The uplift of the Arfouckle 
Momitains and the spreading of much clastic debris across northern Texas 
and Oklahoma is associated with the change in the invertebrate faunas which 
is observed In the later Pennsylvanian. 

Tlie author of the following paper presented interesting observations 
upon the matter of attachment of the Paleozoic cup corals. Discussion 
by Mcs^srs. Ulrich, Chadwiek, and Bassler. 
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VN ATT ACHED HIMPLIS PALEOZOIC CORALH 
BY AUGUST F. FOEB8TE 

{Abstravt) 

Most simple Tetracoralla show no attachment areas. In many species only 
occasional specimens show attachment areas. Most attachment areas are 
too small to have supported the corallum except during Its immature stages 
of growth. Mature coralla of most si^eiMes were free. A few species with 
flattened sides apparently were adapted for drifting along the bottom of the 
sea with changing currents. Some of these were provided with oi)ercula. 
Other forms may have lived with their apical ends more or less burled in 
mud or sand. Some of the radidform offshoots from the epltheca may have 
served to anchor the specimens in loose mud or sand. Species represented 
only by attached specimens have relatively large attachment areas. 

The paleontology and paleogeographic significance of an isolated out- 
crop of Devonian limestone 60 miles south of Quebec formed the subject 
of the next paper, presented by the author. 

DBVONIAy LIMESTONE AT SAINT GEORGE, QUEBEC 
BY THOMAS H. CLABK 

(Abstract) 

On the Chaudi^re River, about tJO miles southeast of Quebec, there is a 
small outcrop of Onondaga limestone with an abundant coral fauna. This 
limestone has been mentioned in geological literature but twice: first, by 
Logan, in 1863, and again, by Ells, in 1888. In company with Dr. P. E. 
Raymond, the writer visited this outcrop last summer and collected fossils 
from it These are described and their significance with respect to the 
paleogeography of Onondaga time is discussed. 

Stratigraphic results in the Paleozoic rocks of China obtained by Dr. 
A. W. Grabau, paleontologist of the Chinese Geological Survey, were 
given in the final two papers of the morning session, read by the Secre- 
tary in the absence of the author. 

AGE OF THE COAL BEDS OF THE KAIPING COAL BASIN, IN NORTHEASTERN 

CHINA 

BY A. W. GBABAU 

(Abstract) 

In the Kalping coal basin of eastern Chlhll Province, norfh China, thirteen 
coal seams (bituminous) are recognized. The lowest of these (number 13) is 
35 centimeters in thickness, and its roof is formed by an impure limestone 
with crinoidal fragments, 30 centimeters thick, above which lies a massive 
arglUutyte, often pyritiforous and containing a marine fauna of liower 
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Permic affluities. 8eveuteeu species have so far been differentiated, the best 
preserved and spi^cifically determinable ones being of types alsewhere found 
in the liower Permic of China. In shales above this horizon, but not acca- 
ratelj' located (probably fixrai seam 12 or higher), a fairly perfect spedmeii 
and several fragments of Kufypterus (E. chinenMs) have been found. The 
flora from the several seants worked Is a mixture of Stephanian and younger 
type«f many Permic elements being present. The conclusion from the evidence 
so far obtained is that the coals are not older than I^ower Permic. About 35 
meters below seam number J 3 is a very fossiliferous limestone (Tangshan 
limestone), generally less than a meter in thickness and containing numerous 
specimens of Spirifei* bisulcatus Sowerby, Lithostrotion kaifnngcnse, and other 
lossils, identical with or allied to Vis^n species of western Europe. This Is, 
Therefore, believed to represent a Dinantlan (Mississippic) horizon. It is 
possible, but doubtful, that part of the intervening 35 meters may represent 
Moscovian or Uralian horizons, but so far no satisfactory paleontologlcal evi- 
dence has been obtained. 

The Tangshan limestone lies about 85 meters above the top of the 
Machlakou, or Actinoceras, limestone of Black River age. The intervening 
beds are red shales, fireclays, shales, and sandstones of Mississippic age. 
There is no Siluric or Devon ic in north China. 

ORDOVICJO FORMATIONS OF NORTH CHINA 
BY A. W. GBABAU 

(Ahatract) 

The Ordovicic is represented in north China by at least 800 meters of some- 
what dolomitic limestones, with, locally, some intercalated shales. In the 
Kaiping coal basin of eastern Ohihli Province the Ordovicic rests disconform- 
ably on an erosion surface of highest Cambric, beginning with a basal conglom- 
erate, the pebbles of which are formed from the underlying C5ambrlc calciluytes. 
These lowest Ordovicic beds (Yehli limestone) have so far yielded only two 
species of Suecocera^. Eight hundred meters higher the limestones (-Irlino- 
eeras or Machlakou limestones) contain a fairly rich fauna which shows the 
closest affinity with the Black River fauna of North America. Cephalopods* 
and gastropods predominate. There are seven species of Actinoceras and eight 
species of Lophospira, besides others. The most remarkable feature of this 
fauna is its almost complete distinctness from the fauna of equivalent age 
found in south China, the two hliving scarcely a species in common. The 
Ordovicic fauna from south China has European affinities, while that of north 
China is of the North American type. 

Fifty miles north of the Kaiping basin, near the Manchurian border, a well 
marked liOwer Ordovicic fauna has been discovered by Dr. F. F. Mathieu. of 
the Kalian Mining Administration. This ranges through about 500 meters of 
rocks (mostly calcareous) and shows a remarkable affinity to the Beekman- 
town fauna of the Champlaln region. It contains OphiMa, Piloceras, Came- 
roceras, Protocameroceraa, and the new holochoanitic cephalopod, Chihlioceros, 
representing a new family, the Chihlioceratidw. It also contains Archtrocit' 
athus of the same type as that found on the Mingan Islands, and, like that. 
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referable to the genus Archwo9eyphia Hlnde. The base of the series is not 
exposed, and It is diseonformably succeeded by Coal Measures strata, the 
Machlakou or Actlnoceras limestone being absent here. Three horizons are 
recognizable in this lower series, but their relation to the Yehli limestone is 
not yet clear. So far, there have been recognized in the Ordovicic rocks of 
north China 31 genera and 58 species, 45 of these being specifically identified. 
All except five of these are new. Three new genera and one new family have 
l»een obtained. 

The meeting then adjourned for luncheon. 

PRESIDENTIAL ADDRESS 

At 2.30 the Society met to hear the address of the retiring President 
of the Paleontological Society, entitled 

SOME PROBLEMS CONNECTED WITH THE DAKOTA SANDSTONE 
PRESIDENTIAL ADDRESS BY T. W. STANTON 

The reading of papers before the Society in general session was then 
resumed, the fii-st of the afternoon session being an account of the sup- 
plementary work upon the bibliographic catalogue of North American 
fossil vertebrates, including its plan, stage of completion, and prospect 
of its publication. 

RVPPLEMENT TO THE BIBLIOGRAPHY AND CATALOGUE OF THE FOSSIL 
VERTEBRATES OF NORTH AMERICA 

BY O. P. HAY 

In the discussion which followed this paper it was voted unanimously 
by the members that representation be made to the Director of the U. S. 
Geological Survey to the effect that it was the hope of the Paleontological 
Society that Dr. Hay's catalogue be published as speedily as practicable. 

Following this discussion the members interested in vertebrate paleon- 
tology retired to an adjoining room to meet in special session for the 
consideration of their more technical papers. 

In the general session papers upon paleobotanical subjects were then 
read. The. first two, bearing upon Cenozoic floras, were combined by the 
author, who gave an idea of the paleobotanic work carried on by him 
under the auspices of the Carnegie Institution. 

FLORA OF THE PAYETTE FORMATION 
BY RALPH W. CHANEY 

{Abstract) 

The flora of the Payette formation was originally considered to be of Mio- 
cene age, but in recent years it has been referred to the Upper Eocene because 
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of the presence in It of several Upper Clarno species. Collections during the 
past season have increased the number of species known from the flora and 
have shown a dominance of Miocene species which occur in the Mascall of 
Oregon. The occurrence of several Eocene species suggests that the Payette 
is somewhat older than the Mascall. It differs from the latter in having 
abundant sycamores, poplars, and other lowland types, indicating a habitat 
somevhat different from that in which the Mascall sediments were laid down. 

FLORA OF THE RANG HO LA BREA 
BY RALPH W. CHANEY 

{Abstract) 

The abundance of vertebrate remains from the Rancho La Brea deposits of 
southern California has emphasized the paucity of the fossil plants. The only 
well defined leaves which have been secured are those of an oak much like the 
living Qufircu8 agrifolia; a few acorns resembling those of the same species 
have also been obtained. Cones of the knob-cone pine, Pinu9 attenuaia, and 
of the Monterey cypress, Cupressus macrocarpOi are present in small numbers, 
and there is an abundance of wood which has been referred to Cupressus, 

During the past summer a considerable amount of tar was carefully esam- 
iued, but, aside from wood, a few undetermined seeds and stems resembling 
those of aquatic plants were the only materials collected. Further search may 
uncover situations where plants accumulated in abundance, but, on the basis 
of the material at hand, it appears that conditions did not favor the accumu- 
lation of plants. A possible explanation for these unfavorable conditions may 
be that the level topography did not permit much transportation of leaves and 
fruits, and that an arid or semiarid climate restricted the number of arbo- 
rescent types much as It does today. The habitat indications of the known 
flora are quite consistent with this explanation. 

The uext paper, presented by the author and illustrated by many in- 
structive lantern slides, was of special interest on account of its wide 
scope and general subject-matter. 

PINE8 OF THE AfESOZOlC AND THEIR RELATIONSHIP TO OLDER AND MORE 

« MODERN TYPES 

BY KDWAKD C. JEFFREY 

{Abstract) 

The author has had the opportunity of studying recently many hundreds of 
specimens of Cretaceous representatives of pines and allied forms. It is clear 
from such studies that there were interesting types present at the epoch 
transitional between our modern pines and still more ancient types. It is a 
well established fact that existing pines are characterized by a definite and 
small number of needles in each cluster or short shoot. In the Cretaceous 
there were types with many needles on a short shoot Further in the midst 
of the needles was a cluster of rudimentary leaves indicating a less degree of 



Digitized 



by Google 



ABSTRACTS OF PAPERS 205 

specialization than in the modem species, where only the visible leaves of the 
fascicle are present and in limited number. In addition to these transitional 
forms, which represent both the hard and soft pines of the present epoch, there 
were other forms more nearly resembling our existing pines in having a defi- 
nite limited number of fascicular leaves, namely, from two to five, but clearly 
contrasted to living pines in the fact that they possessed rudimentary leaves 
in the midst of the fascicular leaves. A third variant was represented by the 
genus Frepinus, in which the leaves are not only numerous in a fascicle with 
a leafy central growing region, but also characterized in contrast to the foliar 
organs of all other living gymnosperms by the presence of centripetal or 
cryptogamic wood. In this respect, as in many other, they present a striking 
resemblance to the leaves of the Cordaitales. The bearing of these facts on 
the conventional view that the Araucarian conifers are the oldest Is discussed. 

New facts on the structure of the hypoparian trilobites were described 
in the next paper, which was illustrated with lantern slides ; remarks by 
Dr. Eaymond. 

ORDOVICIAN "nypOPARIAN'' QENERA OF TRILOBITEH 
BY E. O. ULBICH 

{Ahstract) 

The author discussed the character, interrelations, stratigraphic position, 
and geologic distribution of the Agnostid£p, Trinucleldfe, Harpedidse, and 
Ampyxidie found .in Ordovidan formations in America. Most of these trilo- 
bites were shown to have originated in the North Atlantic realm, from which 
they invaded the Appalachian Valley troughs. Only Cryptolithus seems to 
have had a more southern origin, most of its species having invaded the in- 
terior continental seas by way of the Mississippi embayment. 

In general, the author definitely disapproved the prevailing view that the 
marginal suture in the Trlnucleldte and Harpedidie corresponds to the facial 
suture. He inclined instead to the opposing view, that the facial suture in 
these trilobites ran as in the Opisthoparla and became closed by fusion early 
in the life of individuals. He held that the marginal suture became a neces^ 
sary convenience in moulting and possible through lateral and then posterior 
extension of the epistoma. In other words, the marginal suture represents a 
continuance of the frontal suture of most Opisthoparla to the genul angles. 
He pointed out also that Olenvllus has a ventral plate that is comparable to 
the ventral plate of the cephalon of Harpes. As is well known, the facial 
.•«uture in Olenellus is quite as thoroughly fused as in Harpes. The author 
exhibited enlarged photographs of the latter Indicating that this suture fol- 
lowed essentially the same Opisthoparian course in both of these genera. It 
wa.s concluded, therefore, that the Order Hypoparia must either be abandoned 
or preferably redefined. The author also questioned the desirability of the 
family Endymionidse, recently proposed by Raymond, and dissents from the 
prevciling practice of referring all Ordovlcian Harpedidie except Harpides to 
Koharpes. He prefers to return most of them to the genus Harpes. 

The AmpyxidiJj were discussed at length and the genera of the family re- 



Digitized 



by Google 



206 PBOCKEDINGS OF THE PALEONTOLOGICAL SOCIETY 

defined. Raphiophorus Angelln could not be separated satisfactorily from 
Ampyx, but Lonehodomus of the same authority proved easily and constantly 
distinguishable by differences in the facial suture and in the anterior margin 
of the cephalon. 

A new genus, Arnpyxina^ is proposed for small Ampyxidse with small and 
very short rostral spine, obovate glabella, a small pair of isolated posterior 
lateral glabellar lobes, and four or five thoracic segments. The pygldiom also 
differs from that of Ampyx and LonchodomuB in wanting the tUck, beveled 
and striated posterior edge. In Ampyx the second and third pairs of lateral 
glabellar lobes often are rather well developed and partly separated from the 
middle lobe, but the posterior pair is seldom well defined and never isolated. 
Six species of the new genus are known, only one of which has been descril)ed 
and figured, and this without either a generic or specific name. The descrip- 
tion and figures referred to were published in 1909, by R. R. ftowley, in "The 
Geology of Pike County," Missouri Bureau of Geology and Mines, second aeries, 
volume 8, page 60, plate 15, figures 12-14. The species is not uncommon in the 
basal part of the Maquoketa shale west of Louisiana, Missouri, and along the 
Mississippi bank two or three miles above Thebes, Illinois. I propose now to 
call it Ampyxina haasleri n. sp., and to designate it provisionally as the geno- 
type of Ampyxina. The other species are all older — Lower Trenton and Upper 
Chazyan. One occurs with CryptoUthua n. sp. in the Viola limestone in Okla- 
homa, another in the basal 10 feet of the Martinsburg shale at Chambersburg, 
Pennsylvania, and three others in subcrystalline limestone lying Just beneath 
the Athens shale, near Blacksburg and Saltville, Virginia, and near Albany 
and other places in Tennessee. One of the last three may be the same as 
Raphiophorus powelli Raymond. 

The genera mainly concerned in these studies are Aynoatus, Ampyx, Loneho- 
domus, Ampyxina, Trtnucleua, Cryptolithus, Harpes, and Eoharpesf, The spe 
cies and varieties of each have been most critically deteilnined, and as thus 
conceived have proved themselves of great value as guide fossils in correlating 
the Chazyan and Mohawkian formations in the Appalachian region. Publica- 
tion of the species will proceed as opportunities offer. 

Under the following title the author brought out the fact that the 
foraminifera hitherto supposed to be extremely variable are in reality not 
so at a]], for a close study of both fossil and recent species has shown 
much of this so-called variation to be due either to unrecognized stages 
in development, the peculiar alternation of generations developed in this 
ijroup, or to the lack of close discrimination of specific characters. 

LIMITS OF VARIATIONS IN FORAMINIFERA 
BY J. A. CUSHMAN 

.\n interesting paper describing the paleontological work being done 
in the Gulf Coast oil fields by the oil companies located at Houston, 
Texas, was then presented by Miss Esther E. Richards for the author. 
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RECENT OEOLOQWAL WORK IS aULF COAHT OIL FIKU^S 
BY E. T. DUMBLK 

The concluding paper of the afternoon (kalt with the stratigrapliy of 
central Tennessee, especially with reference to the significance of the dis- 
tribution of the various formations. Illustrated by lantern slides; dis- 
cussed by Messrs. Raymond, Ulrich, and Reeds. 

3fOHAWKJAN A\D CINCIN\ATJAN ROCKS OF CKWTUAh TKVWKHHKK 
BT B. 8. BAB8LEB 

(Abstract) 

The Carters, Lowvllle, and Kimmswick formationH, of Black River age; the 
Cardsville, Hermitage, Blgby, Cannon, and Catheys formations, of Mohawkiau 
age, and the Leipers formation, of Cincinnutian age, all rather easily distin- 
guished faunally and lithologically, prove in the course of extensive mapping 
to be developed quite unequally on different sides of the Nashville dome. For 
example, the Carters limestone is thickest on the western side, while the over- 
lying I^wvllle limestone is thickest on the eastern .side ; the Kimmswick lime- 
stone outcrops only on the southern flank, while the next younger formation, 
the Curdsville limestone, is found only on the northern side. The chief rea- 
son for these differences is believed to be due to oscillation, and the great 
development of phosphatic rock in the Hermitage, Blgby, Catheys, and Lelpers 
formation is considered as likewise connected with the same phenomenon. 

At 5.30 p. m. the Society adjourned until the next day. ' 

Thursday evening at 7 o'clock the annual dinner of the Geological 
Soci'/ty of America and affiliated societies was held at College Hall of 
Amherst College, in which our members participated. 



Session of Friday, December 30 

President Stanton called the general section of the Society to order 
Friday morning at 9.30, while the vertebrate paleontologists continued 
in special session. 

REPORT OF THE AUDITING TOMMITTKK 

The chairman of the Auditing Committee read a statement attesting 
to the correctness of the Treasurer's accounts, and it was then voted that 
the report be accepted. 

PRESENTATION OF PAPERS 

The first paper on the program comprised new evidence on the Chester 
problem, presented by the author, who discussed critical sections in the 
area under discussion to prove his points. 
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FEW MORE FACTS BEARING ON THE CORRELATION OF THE CHESTER 

FORMATIONS 

BT E. O. ULRICH 

A paleobotanical subject followed, illustrated by lantern slides, which 
showed the clearness and detail that can be obtained in thin sections of 
fossil plants. v 

orCLRREXCK OF THE PARICH\(tS OF BERTRAND /.V CERTAIN OYM^fOSPERMS 

BY E. C. JEFFKEY 

{Abstract) 

The structure of Pariehnos is well known for Lepidodendron and Siffillaria. 
The author has found similar structures In certain living gymnosperms. They 
accompany the leaf -traces from the surface of the central cylinder out to the 
base of the leaf, where they end in the spongy central green substance of the 
leaf. Sometimes the I*arichnos of gymnosperms appear as canals and some- 
times merely as strands of richly aerlferous i>arenchyma. Their significance 
from the physiological and morphological standpoints is discussed, as well an 
the possibility of their indicating relationship between the gymnosperms iii 
which they are found and the Ijcpidophyta. 

The final paper presented at the meeting was an interesting discussion 
given by the author. 

AOL AND DEVELOPMENT OF RED BEDS AND THE TERRESTRIAL VERTE- 
BRATES IN THE APPALACHIAN AND THE KANSAS-TEXAS REOIOS 

BY J. W. BEEOE 

, {Abstract) 

1. Review of postulate regarding uneven development of Ked Beds and Per- 
mian terrestrial vertebrates of the Appalachian and Western Plains provinces 
of th(i United States. 

12. Review of development of marine invertebrates and plants In these re- 
gions during Pennsylvanlan and l*ermian times, which show relatively little 
progress during upper Pennsylvanian time and a marked quickening of the 
evolutionary processes at the beginning of Permian time. 

3. Review of the history of the vertebrate life during this time, and the 
conclusion that it, too, has, so far as known, relatively little expansion during 
the upper Pennsylvanian, with marked expansion, specialization, and change 
of fundamental aspect beginning at the base of the Permian and continuing 
at least until the close of the Clear Fork epoch of the Permian. 

4. Demonstration of the accumulation of Red Beds deposits earlier in the 
Pennsylvanian period in the Wichita Mountain region than any now preserved 
in the rocks of the Pennsylvanian period of Ohio, West Virginia, and Penn- 
sylvania. 
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In the absence of the authors, the following papers were read by title : 

METHODS OF STUDYING AMMONITES 
BY MABJORIE OVONNELL 

LUNAR PETREFACTIONS 
BY F. W. SARDESON 

At noon the Society adjourned. 



Section of Vertebrate Paleontology 

Members interested in vertebrate paleontology formed a separate sec- 
tion Thursday, at ^130 p. m., with Dr. W. J. Sinclair presiding. 

presentation of papers 

In the first paper of the session Dr. Troxell summarized briefly the few 
discoveries of dinosaurs, aside from footprints, that had been made in the 
Newark sandstones of the Connecticut Valley, with additional data of 
the circumstances of each discovery secured by him in field-work last 
summer, and showed certain problematic fossils which he had found. 

FOSSILS OF THE CONNECTICUT VALLEY 
BY EDWARD L. TROXELL 

{Ahstract) 

About a dozen .specimens of reptiles have been found in the Newark series 
of New England, showing that they are remarkably rare as compared to the 
number and variety of the footprints; none of those known are large enough 
to have made certain of the footprints, which measure 20 inches in length. 

A search during the summer resulted in the finding of one or more undoubted 
I>one fragments of the smaller Anchisaurus, and other fragments which are 
doubtfully referred to the larger reptiles. Other interesting material was 
found : silicified and carbonized wood, Unio shells of a new variety, footprints 
in II new locality, and fish from the well known black shales. 

HYRACODONS FROM THE BIG BADLANDS OF SOUTH DAKOTA 
BY W. J. SINCLAIR 

{Abstract) 

Comparison of a large series of dentitions from the various levels of the 
White River enabled the author to determine certain characters, esi)ecially In 
the premolars, as constant and valid specific dlstinc^tlons. Size was found to 
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be extremely variable and the species do not appear to be good horizon- 
markers. 

A discussion followed concerning the standards of species distinction 
and methods of description among fossil mammals, in which the author, 
Dr. Troxell, Dr. Thorpe, Professor Lull, Dr. W. D. Matthew, and Dr. 
P. Hay participated. 

In the next paper the author proposed to transfer the Harrison and 
Rosebud group of formations of the Great Plains to the Oligocene, corre- 
lating them with the John Day formation of Oregon, and included in the 
Miocene the Clarendon, Loup Fork, and Santa Fe marls, referred to the 
Pliocene by previous writers. The paper was discussed by Dr. Matthew, 
who dissented from the changes proposed. 

RELATION HHIP OF THE GREAT BASIN AND GREAT PLAINS FAUNA 
BY EDWARD L. TBOXEIX 

(Abstract) 

The study t)f the vertebrate fossils in the Marsh Collection from tbet^ two 
widely separated regions suggests a new arrangement of the stratigraphic 
column, which is here presented, with the conclusion that the Arikaree is not 
liower Miocene, but Upper Oligocene, and that the dividing line between the 
latter and the true Miocene should be above the Rosebud and Harrison forma- 
tions. 

Great Plains Great Basin 



TiOwer Miocene J Pawnee Creek. 



Mascall. 
C'Olumbia lavas. 



Unconformity. Uppei Oligocene 

Upper Oligocene f Rosebud-Harrison. Upper John Day. 

(Arikaree) i Monroe Creek-Oerlng Middle John Daj*. 

Not only is there a great similarity between the John Day formation of 
Oregon and the Arikaree of Dakota and Nebraska, but these strata seem to be 
syncb.ronous with the Oligocene of the Old World. 

The following important groups of animals reach extinction in the Arilcaree : 
The hypothetical Upper Oligocene entelodont (Dinohyus), Steneo fiber, IHcera- 
IheiHum iCinwpus, Mctacanopus, Menoccraa) , Eporeodon-Mesoreodon, Leptau- 
chenin, MvsohippuH-Miohippus, Protoceras-Syndyoceraa, and Hypi$odv», while 
with the true Miocene we have the introduction of the proboscideans, teleo- 
cerine rhinoceroses, and homed artiodactyls. 

The meeting was then adjourned. 

The session of the Vertebrate Section was resumed at 9.30 a. m., Fri- 
day, December 30, Dr. Sinchiir in the chair. The following papers were 
presented : 
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RESTORATION OF BLA8TOMERYX 
BY R. 8. Lt'I.L 

The author showed photographn of a mounted skeleton of Blastomeryx In 
the Peabody Museum, with the form of the body restored on one side. It Is 
based on two individuals from the later Miocene. The species shows well 
developed laniary tusks and a rudimentary horn over the orbit, unlike the 
Ijower Miocene species described by Matthew. 

Dr. Matthew remarked that the Blnatomeryx described by Scott in 1891, 
also probably from the Upper Miocene, had a rudimentary horn. 

HVPPOfiEn L.XBYRISTIIODONT FOOTPRISTS FROM THE MARYLAM) 
VARBOSlFERiiVti 

BY B. 8. LULL 

(Abstract) 

The series of footprints described were exposed on a considerable surface of 
shale. They were not as clear in detail as might be desired, but represented 
a large animal, comparable in size to Vardosaurun. 

A large limb-bone from the Pennsylvanian of West. Virginia, submitted some 
years ago to the Society by Dr. I. C. White, was thought to represent a type 
that might be responsible for such footprints as the author described. Dr. 
White's si)ecimen was considered as pretty certainly a natural cast of a limb- 
bone, although some authorities had questioned it. 



Discussed by Dr. Matthew and Dr. Wieland. 



UPPER PAWNEE CREEK BEDS 
BY F. B. LOOMIS 

(Abstract) 

During fleld-work last summer the author had verified the existence of a 
distinct upper fossil zone overlying the true Pawnee Creek beds in Weld 
County, Colorado, as suspected by Matthew and Osborn from faunal studies. 
The fauna was of Lower Pliocene age, but with a considerable admixture of 
redeposited fossils from the true Pawnee Creek beds. 

LOWER MIOCENE AT VAN TA88EL, WYOMING 
BY F. B. LOOMIS 

(Abstract) 

A rich fossiliferous pocket in the Ijower Harrison l>edK close to the village 
of ^'an Tassel had been profitably exploited by the author and was well worth 
further work. The fauna contains elements which are found at Agate, Ne- 
brasiui, but differs in being domlnantly a deposit of Oreodonts. The collection 
from this region is described, there being several new species, and a horse, 
Parahippus tylvH, which gives a much more complete Idea of this formerly 
little known type. The fauna fills In much that is lacking at Agate and gives 
with the Agate forms a much more balanced idea of the life of the time. 
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In the next paper, read hv Dr. Matthew, the author describes footprints* 
of which plaster casts were exhibited. 

nVQK AMPHIBIAS FROM THK UPPER COAL MEASIRE8 OF A'A.VKAK 
BY H. T. MARTIN 

(Abstract) 

A huge amphibian is indicated In a series of footprint* recently dlsooveml 
in tlie sandstone of the Upper Coal Measures of Kansas. Tlie impressions, 
measuring; some 7 inches in lenf^th and 6 inches in breadth, extend for a dis- 
tance of 25 feet with slight interruptions, along a sandstone ledge, which w 
regarded as a phase of the Weston shales, lying immediately l)elow the Ki(*- 
ajxH) (latan) limestone, exposed on the banlcs of the Wakarusa Creek, near 
nightmans Crossing, some 5 miles southeast of T^awrence, Kansas. 

Some of the impressions are very well pre8er\'ed, and Indicate four toes on 
the front feet and five on the hind feet, for which reason I think an amphibian 
is indicated. I^rge amphibians are known from the Kansas Coal Measures 
by the footprints described by Mudge and Marsh from Osage County and by 
skeletal remains described by Moodie from Washington County. A much larger 
type of vertebrate is indicated by the present footprints, however ; in fact, we 
may say that these footprints represent the largest land vertebrates so far 
recorded from the pre-Triasslc rocks. The majority of Coal Measures amphib- 
ians are extremely small, measuring only a few inches in length; but the 
animal which made these tracks must have been from 15 to 20. feet in length 
and is comparable in size to Maatodofisaurus of the European Triassic. 

In the following paper the primitive characters of the Merycoido- 
dontida? were listed in some detail, showing a considerable approach to 
the Creodonta and primitive Carnivora as compared with the higher 
artiodactyls. Dr. Matthew^ remarked on the desirability of instituting 
more exact comparisons with the Eocene Artiodactyla as known princi- 
pally from the European formations. 

PRIMlTIVi: AND CARNIVORE LIKE CHARACTERS OF THE 
MEHYCOIDODONTIDM 

BY MAlX;OLM RUTHERFORD THORPE 

{ Abstract) 

The type of this great group was described by Dr. Joseph Ijeidy in April, 
1S4S. Subseciuently he pointed out resemblances between Merycoidodon and 
the peccary, the camel, and the wolf, and characterized this family as "rumi- 
natinsr hogs.*' a name which has since clung to the whole group. 

There are some twenty-six genera and subgenera in the Merycoidodont fam- 
ily, with about fourteen in the pre-Miocene, and it is the latter which are 
herein considered. The Eocene and Oligocene species show a close similarity 
in structure. The late Oligocene and early Miocene was a very important 
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time ill tlit» racial liistory of tlio Oreodoiit fa mil j', and from this jH^riod tliey 
liegaii to diverge Into various terminal lines of development, leading finally to 
complete extinction. 

In summary of the various supposedly primitive and carnlvoroid characters, 
we find twenty-six major primitive and twenty-four carnlvoroid, of which ajH 
proximately one-half are common to Iwth. These may he listed as follows : 

(1) Characters which are hoth primitive and carnivoroid: (a) Dolicho- 
cephaly, (h) well marked postorbital constriction, (i) prominent sagittal 
crest, (rf) high overhanging occiput, (r) relatively large head, (/) more or 
le.ss elongate face, (g) very large temiwral fossa, (h) palate narrow and some- 
what arched transversely, (i) presence of well developed <'anines, (;) long 
body and long tall, {k) short legs, and (/) dorao-lumbar vertebral formula of 
19-20. 

(2> Characters which are primitive: (a) Stout, heavy zygomata, (h) long, 
robust, downwardly-projecting paroccipitals, (c) relatively large lacrymal 
bone, id) well developed milk dentition, (e) complete dentition of forty-four 
teeth, (/) probable omnivorous habit, (g) brachyodonty, (h) large spine on 
axis, (t) large size of lumbars compared with dorsals, (;) broad blade of 
scapula, (k) five digits in manus, {I) stout puboischiadic symphysis of pelvis, 
(m) relatively small pelvic outlet, and (n) absence of bullse in the earlier 
forms. 

(3) Characters which are carnivoroid: (a) Broad mandibular coronoid, {b) 
long mandibular symphysis, (r) incisors subtransverse, (d) relative positions 
of basiernnial foramina, (p) relatively large infra-orbital foramen, (/) tongue 
and groove articulation on lumbar zygapophyses, (g) spine of scapula dividing 
it into two subequal parts, (h) position of acromium and metacromium, (i) 
humerus and ulna, ij) metapodials long, sfbnder, keeled (phalanges and 
ungues), (A-) femur and tibia, (I) semi-digitigrade. 

Th(^ author's use of th^ term primitive is only relative — that is, the charac- 
ters which he considers generalized in this group are, in some instances, not 
so in other groups. Some of these also may be secondary developments, due 
to muscle resxKinses or other causes, such as may have produced the heavy 
z3'gomata and robust paroccipitals and the possible omnivorous habit. 

The carnivoroid characters may be secondary, as Doctor Matthew considers 
to be the case in Agriocharua, or they may be primary, which does not seem 
to be an unreasonable supposition. 

The author of the next paper showed lantern slides of a mounted skele- 
ton and restoration in the Museum of Yale University. Although listed 
generally as from Oregon, this species is really from the Upper Oligocene 
of Nebraska. 

RESTORATION OF EPOREODON 80CIALI8, MARHH 
BY MALCOLM BUTHEBFOBD THORPE 

{Ahatract) 

One of the two cotyi)e skeletons of this genus and species has just been 
mounted at the Peabody Museum of Yale University. After the skeleton was 
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erected the restoration of the flesh was made by Professor Lull, based on a 
most rareful study of the musculature of recent animals. The muscles were 
built up o^er the actual bones and every attention was paid to the rugose bone 
surfaces for muscle attachment, which clearly gave evidence of the size and 
I)ower of each muscle. The result is a rather doglike animal and gives one an 
entirely diflTerent conception of the appearance and character of these animals 
than that conveyed by Leidy's phrase, "ruminating hogs." 

Slides of this mount were shown, as well as those of six other mounts of 
different genera and species in difTerent .museums. It appears to tHe writer 
that in the majority of the mounts the attitude seems a little too piglike, and 
that the probable semi-digitigrade gait is not sufficiently emphasized. Some of 
these mounts appear to have the head somewhat more elevated than in the 
specimen at Yale. 

The Yale specimen is now in process of casting, in order to insure greater 
permanency of the flesh restoration. The final result will be the equivalent of 
a panel mount, but with the plaster reconstruction in place of the usual panel. 

NEW LIGHT ON THE PHYLOGBNY OF THE CANIDJE 
BY W. D. MATTHEW 

A series of skulls of Canidse from the Ix)wer Snake Creek Upper Miocene of 
Nebraska was obtained last summer by the American Museum Expedition. 
These show the intermediate stages between the Canldse of the Oligocene and 
the Pleistocene and recent members of the family. Huxley's arrangement of 
the family into alopecoid and thoold divisions is wholly rejected, the modem 
Canidce being divided Into two groups, one Including Cyon, Icticyon, and 
Lycaon, the other all the remaining genera. These two groups are derived 
through two parallel series oi ancestral stages from the Eocene Cyno^^^^- 
The extinct group of Amphicyonlne dogs Is derivable from the Lower Oligo- 
cene Daphaitus through several Intermediate stages, and the Middle Eocene 
genus, Minds, is probably the common ancestor of the family. The various 
stages are represented by a series of skulls from the different Tertiary 
horizons. 

TOOTH OF ALMOST HUMAN TYPE FROM THE LOWER PLIOCENE SNAKE 
CREEK BEDS OF WESTERN NEBRASKA 

BY HAROLD J. COOK 

Head by Dr. W. J. Sinclair. 

The o]ily example of the Simocyonid group of Canidae in North Amer- 
ica formed the subject of the next paper. 

AU.EOCYON, A PROBABLE OLD WORLD MIGRANT 
BY MALCOLM RUTHEBFORD THORPE 

{ Abstract) 

In the American Journal of Science for June, 1021, I described the lower 
jaw of a carnivore collected in the Rattlesnake formation of Oregon In 1874 
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through the efforts of Prof. O. C. Marsh. For this carnivore I proposed the 
name PUocyon marshi. Subsequently, in the same Journal, for January, 1922. 
I substituted the name Arwocyon. 

The presence of this lower Jaw in Middle Pliocene deposits of the New 
World is exceedingly Interesting, as it Is the only specimen of its kind de- 
scribed or reported from the ancient fauna of North America. 

Structurally, Arwocyon is remarkably close to Simocyon primigimim Roth 
and Wagner from the Pikerml deposits (Upper Miocene) of Greece. The 
faunal affinities of the Pikerml genera are with those of Africa rather than 
with Europe, but we also find a similar faunal phase eastward in Samos and 
at Mnragha, Persia, while in general the fauna of the latter approaches very 
closely to that of the Pliocene of the Siwaliks in southern Asia and of China. 

In the Pliocene, Asia and North America were connected by land and inter- 
continental faunal migrations took place. Owing to the general eastward 
trend of the fauna, as mentioned above, it is not unreasonable to suppose that 
the carnivores also followed the other groups, and that there might have been 
a concentration of carnivore types in the constricted region of this "game 
trail" at what is now known as Bering Strait. During the gradually increas- 
ing cooling of the northern region in the Pliocene, it became necessary for the 
fauna in the main to migrate southward — a movement which, if this theory 
be true, was carried on by Arwocyon as far south as Oregon. Therefore my 
view at present, and Professor Lull is in agreement with it, is that some of 
the members of the genus Simocyon migrated from southern Europe through 
Asia and into North America during the latter part of the Upper Miocene and 
the first half of the Pliocene, and that the time involved was sufficiently long 
for the former representatives of Simocyon to develop into Arwocyon. 

On the other hand, if Araocyon is an autochthonous form, then we must 
place it in the pseudo-canoid phylum, namely, those with the trenchant-heeled 
inferior molars, wherein we find Daphcenus, Temnocyon, Enhydrocyon, Cyon, 
Icticiton, and Lycaon. 

If this lower jaw on which Arwocyon is established had been collected in 
the Pliocene of Europe, I should have no hesitation in referring it to the genus 
Simocyon or possibly to a subgenus under it, and if Arwocyon should finally 
prove to be autochthonous, then it will be one of the most remarkable cases of 
convergence on record. 

A pummary of the results of the American Museum Expedition last 
.summer in the Snake Creek fossil quarries, Miocene and Pliocene of 
western Nebraska, was given under the following title : 

SNAKE CREEK FAUX A 
BY W. D. MATTHEW 

There was then presented by title 

PUYLLOGENY AND NOMENVLATUIiE OF THE PROBOSCIDEA 
BT HENBT FAIBFIEU) OSBOBN 

The session was then adjourned. 
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Session of Thursday, December 28 

The first session of tlie Society, announced for 2 p. m. Thursday, De- 
cember 28, was postponed until Friday morning, so that the members 
could attend the symposium on "The Structure and History of Mouii- 
tains and the Causes of their Development," commencing at that time in 
the meeting of the Geological Society of America. The closing hour of 
the morning was devoted to the address of Charles Schuchert, Fellow of 
the Paleontological Society and retiring President of the Geological 
Society of America. Professor Schucliert's address, which was intro- 
ductory to the symposium, was entitled "Sites and nature of the North 
American geosynclines." 

Thursday evening the members met with the Geological Society of 
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America and other affiliated societies in the complimentary smoker ten- 
dered by the University of Michigan at the Michigan Union. 



Session of Fbidat, December 29 

President Matthew called the Society to order in its fourteenth annual 
meeting, at 9.30 a. m., in the Science Building of the University of Mich- 
igan. After welcoming the members, the report of the Council was read. 

HEPORT OP THE COUNCIL 

To the Paleontological Society, in fourteenth annual meeting assembled: 
The Council has held its customary meetings just before and after the 
annual meeting of the Society and has transacted other business by corre- 
spondence. A resume of the administration of the Society's business 
during the fourteenth year is given below. 

Secretary's Report 

To the Council of the Paleontological Society: 

The Secretary's report for the year ending December 27, 1922, is as 
follows : 

Meetings, — The proceedings of the thirteenth annual meeting of the 
Paleontological Society, held at Amherst, Massachusetts, December 28-30, 
1921, have been printed in volume 33, number 1, of the Bulletin of the 
Geological Society of America, pages 191-222. 

The Council's proposed nominations for officers and the announcement 
that the fourteenth annual meeting would be held at Ann Arbor, Mich- 
igan, December 28-30, 1921, as the guest of the University of Michigan, 
was issued March 22, 1922. 

Membership. — The Society has been fortunate in having no loss of 
membership during the year. Five new members have just been elected 
and eight additional nominations are awaiting consideration at the pres- 
ent meeting. This year two of our members have been elected to fellow- 
ship in the Geological Society of America and four Fellows of that Society 
have asked for election to our own. The result of these various cliaiigos 
leaves a total number of members at the end of 1922 of 228. 

Publications. — In addition to the Proceedings, four papers by members 
have been published in the Bulletin of the Geological Society of America. 
Respectfully submitted, R. S. Bassler, 

Secretary. 

Washington, D. C, December 26, 1922. 
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Tbeasubeb's Report 

To the Council of the Pdleontologicdl Society: 

The Treasurer begs to submit the following report of the finances of 
the Society for the fiscal year ending December 23, 1923 : 

RECEIPTS 

Cash on hand December 24, 1921 $672.27 

Membership fees 297.30 

Interest, Connecticut Savings Bank 24.46 

$994.03 

EXPENDITURES 

Secretary's office: 

Secretary's allowance $50.00 

Qerical work. 25.00 

Office expenses 59.30 

$134.30 

Treasurer's office: 

Treasurer's allowance $25.00 

Postage 3.00 

28.00 

Geological Society of America : 

Printing programs, etcetera $3.45 

Reprints 26.06 

29.51 

191.81 

Balance on hand December 23, 1922 $802.22 

Net increase In funds $129.95 

Outstanding dues (1921, 1 ; 1922, 11) 36.00 

Respectfully submitted, Richard S. Lull, 

Treasurer. 

New Haven, Connecticut, December 23, 1922. 

APPOINTMENT OF AUDITING COMMITTEE 

A committee consisting of W. H. Twenhofel and P. B. Loomis was 
then appointed by the President to audit the Treasurer's accounts. 

ELECTION OF OFFICERS AND MEMBERS 

President Matthew then announced the results of the ballots for the 
election of officers for 1923 and of new members. 
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OFFICERS FOR 19tS 

President : 

T. Wayland VArGiiAN, Washington, D. C. 

First Vice-President: 

W. A. Parks, Toronto, Ontario 

Secon d Vice-Presiden t : 

W. 11. TwENHOFEL, Madison, Wis. 

Third Vice-President: 

0. P. Hay, Washington, D. C. 

Secretary: 

E. S. Bassler, Washington, D. C. 

Treasurer: 

Richard S. Lull, New Haven Conn. 

Editor: 
Walter Granger, New York City 

NEW MEMBERS FOR 192S 

JosiAH Bbidge, Missouri Scliool of Mines and MetaHurgy, Rolla, MissourL 
Jenxie Doris Dabt, 114 Higli Street, New Haven, Connecticut. 
George M. Ehlers, University of Michigan, Ann Arbor, Micliigan. 
Handel T. Martin, University of Kansas, Lawrence, Kansas. 
George B. Twitcheix, 845 Dayton Street, Cincinnati, Oiiio. 

The President then called for the following nominations to member- 
ship which had arrived too late for insertion on the printed ballot and 
which had received the approval of the Council : 

Henry G. Clinton, Superintendent of Black Mammoth Consolidated Mining 
Company, Manhattan, Nevada. Student of invertebrate paleontology. 
Proposed by E. O. Ulrich and R. S. Bassler. 

Edward J. Foyles, American Museum of Natural History. New York City. 
Student of invertebrate paleontology. Proposed by Ralph W. Chaney and 
R. S. Bassler. 

Hedwig T. Kniker, The T^xas Company Building, Houston, Texas. M. A., 
University of Texas, 1917. I*roposed by Julia A. Gardner and R. S. Bassler. 

Mrs. Helen Morningstar LamdorxX, Department of Geology, Ohio State Uni- 
versity. Ph. D. (1921), Bryn Mawr. Proposed by R. S. Lull and R. S. 
Bassler. 
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Joseph K. Roberts, Assistant Professor of Geology, Vanderbilt University, 
Nashville, Tennessee. Ph. D., Johns Hopldns University, 1922. Proposed 
by E. W. Berry and R. S. Bassler. 

RiGHABD W. Smiih, Assistant Geologist, State Geological Survey, Nashville, 
Tennessee. B. S., Massachusetts Institute of Technology, 1921. Proposed 
by B. O. Ulrich and R. S. Bassler. 

Walter C. Toepelman, Assistant Professor of Geology, University of Colorado, 
Boulder, Colorado. A. B., University of Oklahoma, 1916. Proposed by 
Junius Henderson and R. S. Bassler. 

Percival S. Warren, University of Alberta, F^dmonton, Alberta. B. A., Uni- 
versity of Toronto, 1920. Proposed by W. A. Parks and R. S. Bassler. 

After the qualifications for membership of each one of the above list 
had been presented to the Society, it was moved by Dr. Clarke and sec- 
onded by Professor Twenhofel that the By-Laws be suspended and that 
the Secretary be instructed to cast the vote of the Society for the election 
of these eight new nominations. Motion carried. 

ELECTION OF REPRESENTATIVE ON NATIONAL RESEARCH COUNCIL 

Dr. Matthew then announced that the election of a representative of 
the Society in the Division of Geology and Geography of the National 
Besearch Coimcil was necessary, as Dr. Vaughan, having just completed 
three years of service in this position, was ineligible for reelection. 

Upon vote by the Society, after motion by Professor Twenhofel, Dr. 
F. H. Knowlton was elected to this position. 

NEW BUSINESS 

The Secretary announced that J. E. Carman and John L. Tilton, both 
Fellows of the Geological Society of America, wished to be enrolled in 
the membership of the Paleontological Society, and that J. W. Gidley 
and Stanley Smith, just elected to fellowship in the former Societv, 
should also be placed on our rolls. Upon motion, it was voted that the 
Society should add these four names to our membership. 

Dr. John M. Clarke moved that, in view of the surplus in the funds 
of the Society, the Secretary's allowance be increased to $100. Motion 
carried. There being no further business, the reading of papers was 
commenced in general session, with President Matthew in the chair. 

PRESENTATION OF PAPERS 

The first four papers of the program, all illustrated by lantern slides, 
were combined into a single presentation by the author. Discussion by 
Messrs. Parks, Loomis, Matthew, and Troxell followed. 
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THE BURTON DICTTOSPONOE 
BY JOHN M. CLARKE 

(Abstract) 

This is a hexactinellid, or glass sponge, from a Chemung (Devonian) forma- 
tion at Ripley, Chautauqua County, New York, The specimen described is of 
great size; represents, it is believed, the apertural portion of the individual, 
and, on the basis of other known specimens, it has been restored, the restora- 
tion and original specimen both being in the New York State Museum. The 
restoration gives a length of somewhat more than 10 feet The sponge belongs 
to the genus Ceratodictya and is probably identical with the species of the 
Chemung formation, C. carpcnteriatia Hall and Clarke. The original specimen 
was found by Mrs. H. P. Burton in her 103d year. 

RESTORATION OF THE C0H0E8 MASTODON 
BT JOHN M. CLABKE 

(Abstract) 

The Cohoes mastodon was found in a glacial pothole in the Mohawk River 
at Cohoes, New York, in 1865 and its skeleton is in the New York State Mu- 
seum. A careful restoration of this has been made by the most careful and 
exact procedures and constitutes the only known attempt to represent the 
animal in its living state. The restoration was made by Noah T. Clarke and 
Charles P. Heidenrioh. 

PYORRHOSA IN THE COHOES MASTODON 
BY JOHN M. CLARKE 

(Abstract) 

This skeleton has pathological dentition and erupted but one tooth on the 
left ramus of the mandible. Tliis tooth has an abnormal insertion and a very 
imperfect opposition with the upper molars. As a result, the face of the animal 
is deformed and an osseous lump developed on the proximal surface of the 
mandible. An examination of the tooth and its socket by skillful dentists 
seems to have demonstrated the existence of long-continued pyorrhoeal condi- 
tions, with attendant bone necrosis. 

TEMPLE HILL MASTODON 
BY JOHN M. CLARKE 

(Abstract) 

This skeleton was exhumed in 1921 from a truck garden near Temple Hill, 
about four miles west of Newburgh, Orange County, New York. Except for 
the "Warren mastodon, the skeleton of which was found not far away, the new 
skeleton is the most complete known, the missing bones being largely a portion 
of tlie ribs and the upper surface of the cranium, which was destroyed by the 
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plow of the farmer. A notable feature of the skeleton is the evident incuira- 
ture and overlap of the tusks at their extremities, which are beveled, one 
above and one below, in such a manner as to demonstrate that the tasks 
formed an entire circle about the trunk. 

Some of the results of the explorations of the American Museum of 
Natural History in China were presented by President Matthew in the 
following paper: 

PLIOCENE MAMMALS OF SOUTHERX CUINA 
BY W. D. MATTHEW AND WALTER GRANGER 

{Al>8tract) 

A large collection of skulls, jaws, and bones of fossil mammals was obtained 
by Mr. Granger in the winter of 1921-22 from a locality near Wan-hsien, in 
the province of Sze-chuan. The fauna is of late Pliocene or Pleistocene age. 
apparently a forest fades. Principal mammals are Stegodon, a rhinoceros 
near R. indicus, a giant tapir, a species of gaur {Bibos), several antelopes and 
large and small Cervidie, a pig, a tiger, Hywncu, Aeluropus, Hclarctoa, Cyan, 
Arctonysp, Viverra, a large bamboo-rat, a rabbit, a large macaque, and a new 
primate, probably allied to the gibbon. A single molar represents the Chali- 
cotheres. 

In view of the recent activity in work upon the Mississippian forma- 
tions of the Mississippi Valley, tiie next paper presented by the author 
was of particular interest. Discussion by Messrs. Ulrich, Thomas, and 
Bassler. 

EARLY M188I88IPPIAN FORMATIONS OF THE TYPE REGION ALONG 
MISSISSIPPI RIVER, IN IOWA, ILLINOIS, AND MISSOURI 

BY RAYMOND C. MOORE 

{ Abstract) 

Stratigraphic and faunal studies of the early Mississippian Kinderbook 
group along Mississippi River and in its vicinity, In southeastern Iowa, west- 
ern Illinois, and northeastern Missouri, are the basis for a partial redefinition 
of the group and for the establishment of more definite correlation between 
exposures. 

The carefuUy studied section at Burlington, Iowa, which is typical of de- 
posits In a faunal province of northern afliuities, Is believed to Include strati- 
graphic equivalents of the formations at Klnderhook, Illinois, and In Missouri, 
the latter representing lithologic and faunal developments which in the main 
are not observed to the north. It appears that the deposits of earliest Missis- 
sippian time In this region are marked by somewhat unusual local variations 
in the character of the sediments laid down and in the distribution of the 
Invertebrate faunas. In the lowermost stratigraphic divisions which are here 
regarded as Mississippian there Is a prominent faunal element suggestive of 
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the Upper Devonian, but there is a progressive and rapid increase in those 
forms which may be regarded as distinctively Mississipplan. In general, the 
Kiuderhook is not separated from the overlying Osage formations by an ero- 
sion inter\'al, but the inauguration of a new stratigraphic division is indicated 
by a more or less marked change in lithology and, more Importantly, by the 
introduction of faunas which are widely distributed and which in their cosmo- 
politan character contrast strongly with the very provincial Kinderhook faunal 
units. 

Results of field-work in paleobotany and stratigraphy carried on during 
the summer of 1922 under the auspices of the Carnegie Institution were 
outlined by the author of the following paper : 

PALEOBOTANJCAL CONTRIBUTIONS TO THE BTRATIQRAPHY OF CENTRAL 

OREGON 

BY RALPH W. CHANEY 

{Al)8tr<lCt) 

The Crooked River occupies an area 30 to 50 miles south of the John Day 
Basin, in central Oregon. A comparison of the Crooked River section as ex- 
posed between Prineville and Paulina with that of the John Day Basin indi- 
cates that the sequence of the formations is practically identical. The Crooked 
River section shows several hundred feet of the Clamo formation with a char- 
acteristic Lower Clamo flora, and up to 4,000 feet of the John Day series, 
which carries near its base a flora similar to that of the Bridge Creek locality 
in the John Day Basin. The lavas overlying resemble the Columbia River 
lavas. A notable feature is the presence of dikes, which extend for over 
twenty miles and appear to connect with the lava flows. The formations over- 
ling the basalt have yielded no fossils as yet, but they show a close lithologic 
similarity to the Mascall and Rattlesnake formations, which are the topmost 
members of the section in the John Day Basin to the north. 

The flora of the John Day series includes over 25 species, most of which are 
present at the Bridge Creek locality of the John Day Basin. Live oaks, birch, 
poplar, elm, maple, sycamore, iron wood, and sequoia are among the more com- 
mon forms. In the main these comprise a typical floodplain assemblage; the 
oaks and poplars suggest ridges on whose dry slopes such xerophytic types 
now live. A relatively high relief is also Indicated by the local abundance of 
se<]Uoia, suggesting that during the Oligocene, as today, this moisture-requiring 
form was limited to protected areas on the leeward sides of elevations. The 
temperature and rainfall, as indicated by the flora, suggest a climate like that 
in the north central United States. The recurrence of an identical flora in 
several horizons may indicate the destruction of the earlier forests during 
epochs of volcanic activity and their gradual development during the favorable 
conditions of intervolcanic epochs. 

At 12.30 p. m. the meeting adjourned to the Michigan Union, where 
a complimentary luncheon was served to the members of the various 
scientific societies in attendance. 
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PRESIDENTIAL ADDRESS 

At 2.30 p. m. the members convened to hear the address of Dr. W. D. 
Matthew, retiring President of the Paleontologieal Society, entitled 

RECENT PROGRESS AND TRENDS IN VERTEBRATE PALEONTOLOGY 
PRESIDENTIAL ADDBE88 BY W. D. MATTHEW 

Pollowing the presidential address, the reading of papers in general 
session, with Dr. Matthew in the chair, was resumed. An account by the 
author of new helmet-crested dinosaurs from Alberta, illustrated by 
lantern slides, proved most interesting to all the members. 

NEW SPECIES OF CRESTED TRACHODONT DINOSAUR 
BT W. A. PARKS 

(Abstract) 

The genus Stephanosaurus was established by Lambe for the reception of a 
peculiar helmet-crested dinosaur from Alberta. Brown founded the genus 
Corythosaurus for another type with more pronounced helmet-liice crest 

The expeditions of the University of Toronto into the bad lands of the Red 
Deer River, Alberta, resulted in the discovery of two heads and parts of one 
body of a related form distinctly Intermediate between Stephanosauru^ and 
Corythosaurus. The new species is described as Stephanosaup-us intertnedius 
and the opinion is expressed that the three species should be included In the 
one genus, Stephanosaurus. A rather interesting question in priority is in- 
volved. 

The following paper on the paleontology and correlation of the various 
formations of the Richmond group, given by the author, brought forth 
considerable discussion, in which Messrs. Foerste, Parks, Ulrich, Ami, 
Bassler, and Sardeson took part. 

SOME FAUNAL CORRELATIONS OF THE RICHMOND 
BY W. 11. SHIDEU» 

(Abstract) 

The "Maquoketa" faunas of northeastern Illinois, eastern Wisconsin, and 
the upper peninsula of Michigan are well represented in Indiana, where they 
are found in strata of the Elkhom beds. 

These "Maquoketa" faunas constitute a fairly complete recurrence of the 
Fernvale fauna, but have essentially nothing in common with the typical 
Maquoketa of Iowa, Minnesota, and northwestern Illinois. 

The typical Maquoketa was deposited in an embayment which apparently 
never had direct communication with the provinces to the east, and most of 
it is probably younger than anything in the Cincinnati region. 
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A paper on the correlation of Mohawkian formations in Tennessee and 
Kentucky was then presented by the author, who, in outlining the scope 
of his remarks, asked the members to delay judgment upon a recent 
publication on the same subject until further facts had been printed. 
The author then presented many valid reasons for this request. 

RELATION B AND OVERLAPS OP ORDOVICIAN FORMATIONS IN KENTUCKY 

AND TENNESSEE 

BY E. O. ULKICH 

President Matthew then, in the few minutes remaining of the after- 
noon session, presented a digest of the following paper: 

STRATIGRAPHY OF THE SNAKE CREEK FOSSIL QUARRIES AND THE 
CORRELATION OF THE FAUNAS 

BY W. D. MATTHEW 

{Abstract ) 

The Snake Creek fossil quarries, 20 miles south of Agate, Sioux County, 
Nebraska, were discovered by H. J. Cook and the writer in 1908. They have 
yielded a great quantity and variety of vertebrates of later Tertiary age, 
mostly fragmentary, but including a considerable number of skulls and more 
or less complete skeletons. Mammals, and especially three-toed horses, are 
the most abundant. 

Field observations and study of the collections indicate that three distinct 
faunas are represented and a fourth less clearly distinguishable, as follows : 

?4. Pliohippus leidyanus zone (doubtful) : ) Lower 
3. Hipparion afflne zone : j Pliocene. 

2. Merychippus paniensis zone: Late Middle or Upper Miocene. 
1. Merychippus primus zone: Early Middle Miocene. 

The pockets from which the great bulk of the material has come are chan- 
nel-beds excavated in and partly contemporary with fine-grained muddy sand- 
stones, to which the mime of Sheep Creek beds was applied when first found. 
These appear to be back-water sediment corresponding in age to horizons 1 
and 2 of the channel-bed series. No back-water facies has been recognized for 
the Pliocene channel-beds (No. 3). These are overlain by eolian dune-sands, 
which constitute the top of the formation and are considerably compacted 
near the old surfaces. These eolian beds contain a scanty Pliocene fauna, 
doubtfully separable from No. 3. 

The American Museum Expedition of 1922 secured a large collection from 
the channel-bed facies of the M. primus zone. 

At 5.30 p. m. the Society adjourned until the following day. 

Friday evening, at 7 o'clock, at the Michigan Union, the members at- 
tended the annual dinner of the Geological Society of America and 
affiliated societies. 
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Session op Saturday, December 30 

At 9.30 Saturday morning the Society met in general session, with 
President Matthew in the chair. The first paper of the program was 
illustrated by the recently completed geologic map of the Franklin 
quadrangle in central Tennessee and by lantern slides. 

EMBAYMENT8 A^D OVERLAPS IN CENTRAL TENNESSEE 
BT R. B. BASSLEB 

{Abstract) 

On account of Incomplete knowledge, paleogeographic maps can seldom be 
made with great accuracy. By a combination of the Columbia folio map of 
Hayes and Ulrich and the geological map of the adjoining Franklin quadrangle, 
just completed by the writer, the geology of a considerable area In central Ten- 
nessee Is now available in much detail and the distribution of the formations 
can be plotted in the form of paleogeographic maps. Such maps show that 
certain formations, as the Richmond, Brassfield, and New Providence, occupy 
embayments in the old Nashville dome, while the Lowville, Lelpers, Bigby, 
Cannon, and other formations show broad overlaps generally^ the east or to 
the west, caused probably by oscillation of the area. 

Convincing data as to the Richmond age of the Arnheim formation of 
the Ohio Valley, hitherto believed by some to belong to the Maysville 
group of the Ordovician, were presented in the following paper, which 
was discussed by various members of the Society: 

THE BASAL RICHMOND OF THE CINCINNATI PROVINCE 
BY W. H. SHn)ELEB 

(Abstract) 

The top of the Maysville (Mount Auburn) is everywhere, in Ohio, Indiana, 
and Kentucky, separated from the base of the Richmond (Arnheim) by evi- 
dences of a stratigraphic break. This appears to be due merely to a cessation 
of deposition, as there is nowhere in the Cincinnati province any evidence of 
post-Maysvllle and pre-Rlchmond erosion. 

In Ohio and Indiana the fauna of the lower or Sunset subdivision of the 
Arnheim seems, on superficial examination, to consist of a distinct Maysville 
element (largely recurrent CorryvlUe), plus a Richmond element. Upon close 
examination the recurrent CorryvlUe forms are found to be mostly imdescribed 
species. The Richmond element appears, not at the Dinorthis carleyi zone in 
the middle, but at the base. Here it appears everywhere except In the more 
southern exposures In Kentucky, where the strata are largely barren of fossils. 

President Matthew then presented for the author an abstract of three 
papers dealing with problems in vertebrate paleontolog}', as follows: 
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CARNIVOROUS 8AURI8CHIA IN EUROPE LATER THAN THE TRIAB 
BY F. VON HUENE 

CONTRIBUTION TO THE V0MER-PARA8PHEN0ID QUESTION 
BY F. VON HUENE 

LINES OF PHY LET W AND BIOLOGICAL DEVELOPMENT OF THE 
ICHTHYOPTERYGIA 

BY F. VON HUENE 

A paper on the fauna found in the sandstone making the rim of Goshen 
Hole, Wyoming, showing its relation to the Leptauehenia beds elsewhere 
was given by the next speaker and a spirited discussion of the subject 
followed. 

MIOCENE BEDS ABOUT OOSHEN HOLE, WYOMING 
BY F. B. LOOMIS 

A preliminary notice concerning some ostracoderm remains fomid in 
shale associated with the Monroe formation in Ohio was the subject of 
the next paper, in which the author pointed out clearly and illustrated 
by lantern slides the relation of the material to the described genera of 
ostraeoderms of America and Great Britain and discussed the stratig- 
raphy of the occurrence. Further discussion by Messrs. Tilton and 
Bassler. 

PRELIMINARY REPORT COXCERNIXG SOME NEW 08TRAC0DERM8 FROM OHIO 

BY J. E. CARMAN 

An explanation of the origin of the many growth layers found in such 
fossil organisms as stromatoporoids, bryozoa, and certain corals was sug- 
gested in the next paper, which was illustrated by lantern slides. 

THE PROBLEM OF FOSSIL MULTILAMELLAR INVERTEBRATES 
BY B. S. BASSLER 

(Abstract) 

In the course of studies upon Cretaceous multilamellar cyolostomatous 
bryozoa by F. Canu and the writer, it was discovered that the various super- 
posed lamellae originated in certain tubes which proceeded unchanged from 
the preceding lamella and which by their proliferation gave rise to all the 
surrounding cells of the same layer of zooecia. These generative tubes occur 
at stated Intervals and mark off the surface in more or less reg^ular areas of 
g^rowth. It is suggested that the monticules and maculse of Paleozoic bryozoa 
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originated In some such way and that other multilamellar organisms owe their 
growth to similar methods. 

An account of American rhinoceroses and the evolution of one genus, 
well illustrated by lantern slides, was next presented by the author. Dis- 
cussion by Messrs. Loomis and Matthew. 

AMERICAN RHINOCEROSES AND THE EVOLUTION OF DICERATHERWM 

BY E. S. TBOXEIX 

(Atstract) 

Scarcely any animal seems more exotic to America than does the rhinoceros. 
Limited at present to Asia and Africa, we have every reason to believe that 
they originated in America. In our own continent we can trace the line or 
lines of descent from Hyrachyus and allied forms of the middle Eocene through 
to the Pliocene, where the family becomes extinct Horns were developed in 
the early Miocene, but their incipient bej^inning is noted in the Eocene. Dicera- 
therium, the "two-homed beast" described by Marsh, is clearly related to 
Cwnopus, and by gradual steps its change from that genus can be traced until 
it reached its splendid development in the late Oligocene. This alone offers 
convincing proof of the law of evolution. 

The following papers were then read by title : 

PRESENT STATUS OF THE OZARK IAN A\n CANADIAN SYSTEMS 
BY E. O. ULRICH 

MARINE EOCENE HORIZONS OF WESTERN NORTH AMERICA 
BY BRUCE CLABK 

SOOKE FORMATION OF SOUTHERN VANCOUVER ISLAND 
BY BRUCE CLARK AND RALPH ARNOLD 

EVOLUTION OF STROPHEODONTA DEMISSA (CONRAD) IN THE SNYDER 
CREEK SHALES OF MISSOURI 

BY E. B. BRANSON AND JAMKH 8. WILLIAMS 

(Abstract) 

The evolution discussed in this paper took place while 30 feet of shales were 
being deposited. At the base of the Snyder Creek shales Stropheodanta de- 
missa (Conrad) showed variational tendencies in the following directions: 
toward long hlngeline and short hingeline; thick shell and thin shell; great 
convexity and flatness; fine plications and coarse plications; strongly project- 
ing umbo nnd retreating umbo : narrowness and great width ; well developed 
fold and sinus. 



Digitized 



by Google 



ABSTtlACTS OF PAl>EJl6 135 

The following species evolved: 8. callawayenHs Swallow: Shell thick, 
coarsely plicate, hinge longer than greatest width of shell. 8. l)oonen8is Swal- 
low: Shell thick, coarsely plicate, strongly convex. 8. equicostata Swallow: 
Shell thin, hinge shorter than greatest width of shell, finely plicate. * 8. cym- 
biformis Swallow: Shell thin, hlngeline very short, finely plicate, umbo pro- 
jecting prominently behind hingellne. 8. inflewa Swallow : Shell thick, hinge- 
line shorter than greatest width of shell, umbo projecting prominently behind 
hingellne. 8. navalis Swallow: Shell thick, coarsely plicate, very convex. Im- 
perfectly developed carlnate fold. 

The University of Missouri has more than 2,000 specimens of Snyder Creek 
stropheodonts and series have been arranged showing minute variations from 
8. demissa (Conrad) to each of the species listed above. The intermediate 
grades are rare, while there are large numbers of the typical forms. 

All of the new species disappeared before 50 feet of Snyder Creek shales 
had been deposited. 

The Society then adjourned. 



Digitized 



by Google 



136 



PROCEEDINGS OF TflB PALfiONTOLOGICAL SOCIETY 



Register of the Ann Arbor Meeting, 1922 



Henry M. Ami 
RuFus M. Baqg, Jr. 
R. S. Bassler 
J. E. Carman 
George H. Chadwick 
Ralph W. Chaney 
John M. Clarke 
L. R. Dice 
C. 0. Dunbar 
G. M. Ehlers 
August F. Foerste 
Charles X. Gould 
J. E. Hyde 

E. M. Kindle 
Willis T. Lee 

F. B. LooMis 



K. F. Mather 
W. D. Matthew 
R. C. Moore 
Adolf C. Noe 
William A. Parks 
W. I. Robinson 
F. W. Sardeson 
T. E. Savage 
Charles Schuchert 
W. H. Shideler 
A. 0. Thomas 

J. L. TiLTON 

E. L. Troxell 
W. H. Twenhofel 
E. 0. Ulrich 
T. Wayland Vaughan 
David White 



Digitized 



by Google 



OFFICERS, CORRESPONDENTS, AND MEMBERS OF THE 
PALEONTOLOGICAL SOCIETY 

OFFICERS FOR 1923 

President: 

T. W. Vaughan, Washington, D. C. 

First Vice-President: 

W. A. Parks, Toronto, Ontario 

Second Vice-President: 

W. H. TwENHOFEL, Madison, Wis. 

Th ird Vice-President : 

0. P. Hay, Washington, D. C. 

Secretary: 

R. S. Bassler, Washington, D. C. 

Treasurer: 

Richard S. Lull, New Haven, Conn. 

Editor: 

W^ALTER Granger, New York City 

MKAIBERSIJIP, li)>3 

CORRESPONDENTS 

BucKMAN, S. S., Esq., Westfield, Thame, England. 

D£pEBET, Prof. Charles, University of Lyon, Lyon (Rhone), France. 

Canu, Ferdinand, 18 Rue du Pciutre Lebrun, Versailles, France. 

MEMBERS 

Adams, L. A., State Teachers* College, Greeley, CJolo. 

Adkins, Walter Scott, Bureau of Economic Geology, Austin, Texas. 

Agitilkra, Jost G., Instituto Geologlco de Mexico, City of Mexico, Mexico. 

Aldbich, Truman H., 1036 Glen Iris Avenue, Birmingham, Ala. 

Ami, Henry M., Geological Survey of Canada, Ottawa, Canada. 

Anderson, F. M., 2604 Etna Street, Berkeley, Calif. 

Anderson, Robert, 47 Parliament St., Westminster, S. W. I., London, England. 

Armstrong, Edwin J., 954 West Ninth Street, Erie, Pa. 

Arnold, Ralph, 639 South Spring Street, Los Angeles, Calif. 

Bagg, Rufus M., Jr., Lawrence College, Appleton, Wis. 

Baker, Charles L., Rock Island Company, Cordova, 111. 

137 



Digitized 



by Google 



138 PROCEEDINGS OF THE PALEONTOLOGICAL SOCIETY 

Babboub, Ebwin H., University of Nebraska, Lincoln. Nebr. 

Barbows, Albebt L., 1702 Massachnsetts Avenue, Washinsrton, D. G. 

Babtsch, Paul, U. S. National Museum, Washington, D. G. 

Babsleb, Habvet, U. S. Geological Survey, Washington, D. 0. 

Bajssleb, Ray S., U. S. National Museum, Washington, D. G. 

Beede, Joshua W., 200 S. Seneca Avenue, Bartlesville, Okla. 

Bell, Walteb A., Geological Survey of Ganada, Ottawa, Ganada. 

Bensucy, B. a., University of Toronto, Toronto, Ontario. 

Bebbt, Edwabd W., Johns Hopkins University, Baltimore, Md. 

Bibbins, Abthub B., 2600 Maryland Avenue, Baltimore, Md. 

BosTWiCK, Thomas A., 43 Livingston Street, New Haven, Gonn. 

Branson, E. B., University of Missouri, Golumbia, Mo. 

Bbown, Babnum, American Museum of Natural History, New York Gity. 

Bbown, Thomas G., Laurel Bank Farm, Fitchburg, Mass. 

Bbyant, Wiixiam L., Buffalo Society of Natural Sciences, Buffalo, N. Y. 

BuBLiNG, Lancasteb D., Whitehall Petroleum Gorporation, 63 Parliament 

Street, Westminster, S. W., London, England. 
Butts, Ghables, U. S. Geological Survey, Washington, D. G. 
BuwALDA, John P., Bacon Hall, University of Galifomia, Berkeley, Galif. 
Gamp, Ghables L., Dept. of Geology, University of Gallfornia, Berkeley, Calif. 
Gase, Ebmine G., University of Michigan, Ann Arbor, Mich. 
Ghadwick, Geobqe H., University of Rochester, Rochester, N. Y. 
Ghaney, Ralph W., 1232 Garlotta Street, Berkeley, Galif. 
Glabk, Bbuce L., University of Gallfornia, Berkeley, Galif. 
Glabk, Thomas H., 36 Irving Street, Gambridge, Mass. 
Clabke, John M., Education Building, Albany, N. Y. 
Cleland, Hebdman F., Williams College, Williamstown, Mass. 
Clements, F. E., Desert Laboratory, Tucson, Ariz. 
Cook, Habold J., Agate, Nebr. 

Cooke, C. Wythe, U. S. Geological Survey, Washington, D. G. 
Coryell, Horace N., Dept. of Geology, Columbia University, New York City. 
Crane, Will E., 208 13th Street N. E., Washington, D. G. 
CuMiNGS, Edoab R., Indiana University, Bloomington, Ind. 
CusHMAN, Joseph A., Sharon, Mass. 
Dall, W. H., U. S. National Museum, Washington, D. G. 
Dabby, Fbed Willis, Peabody Museum, Yale University, New Haven, Conn. 
Dean, Bashfobd, Columbia University, New York City. 
Decker, Ghables E., University of Oklahoma, Norman, Okla. 
Dice, Lee Raymond, Department of Zoology, University of Illinois, Urbana, III 
DicKERsoN, Roy E., 320 Masonic Temple, Manila, P. I. 
Douglass, Earl, Carnegie Museum, Pittsburgh, Pa. 
Dubois, Henry M., Box 539, La Grande, Oreg. 

Dunbar, Carl O., Department of Geology, Yale University, New Haven, ConB. 
Eaton, George F., 70 Sachem Street, New Haven, Gonn. 
Ellisor, Alva C, Humble Oil and Refining Company, 803 Humble Building, 

Houston, Texas. 
Eyerman, John, "Oakhurst," Easton, Pa. 
Field, Richard M., Brown University, Providence, R. I. 
FoERSTE, August F., 129 Wroe Avenue, Dayton, Ohio. 



Digitized 



by Google 



LIST OF MEMBERS 139 

FaicK, Childs, 70th Street and CJentral Park, New York City. 

Gaujoway, J. J., Department of Geologry, Columbia University, New York City. 

Gabdneb, Julia A., U. S. Geological Survey, Washington, D. O. 

Gesteb, G. S., Standard Oil Building, San Francisco, Calif. 

GiBB, Hugh, Peabody Museum, Yale University, New Haven, Conn. 

GiLBBBT, J. Z., Lob Angeles High School, Los Angeles, Calit 

Gibaud, Antonio I*a8Tob, c/o Transcontinental de Petroleo, S. A., Tamplco, 
Mexico. 

Glick, Perby a., 502 East Springfield Street, Champaign, 111. 

GoLDBiNO, WiNiFBED, Educatlou Buildlug, Albany, N. Y. 

GoBDON, Clabence E., Massachusetts Agricultural College, Amherst, Mass. 

Gouu), Charles N., 1218 Colorado Building, Oklahoma City, Okla. 

Gbabau, Amadeus W., Government University of Peking, Peking, China. 

Gbangeb, Walteb, American Museum of Natural History, New York City. 

Gbeene, F. C, 1434 S. Cincinnati Avenue, Tulsa, Okla. 

Gbegoby, W. K., American Museum of Natural History, New York City. 

Gbieb, Nobman McD., Biological Laboratory, Washington and Jefferson Col- 
lege, Washington, Pa. 

Gublet, William F. E., 6151 University Avenue, Chicago, 111. 

Hannibal, Harold, Dept. of Geology, Stanford University, Stanford, Calif. 

Habbis, Giibebt D., Cornell University, Ithaca, N. Y. 

Habtnagel, Chbib a.. Education Building, Albany, N. Y. 

Hay, O. p., U. S. National Museum, Washington. D. C. 

Haynes, Winthbop p., 74 Beacon Street, Hyde Park, Mass. 

Heath, Eugene Schofieij), Fisk Hall, Northwestern University, Evanston, 111. 

Hendebson, Junius, University of Colorado, Boulder, Colo. 

Hibbabd, Raymond R., 908 Michigan Avenue, Buffalo, N. Y. 

Hoixand, Wiixiam J., Carnegie Museum, Pittsburgh, Pa. 

Hollick, Abthub, New York Botanical Garden, New York City. 

Howe, Henby V., 1514 Alder Street, Eugene, Oreg. 

Howell, B. F., Department of Geology, Princeton University, Princeton, N. J. 

Hubbabd, Bela, Woods Hole, Mass. 

Hudson, Geoboe H., 19 Brond Street, Plattsburg, N. Y. 

Hume, Geoboe S., Geological Survey of Canada, Ottawa, Canada. 

HussAKor, Louis, American Museum of Natural History, New York City. 

Hyde, Jesse, Western Reserve University, Cleveland, Ohio. 

Jackson, Robert T., Peterborough, N. H. 

Jeffbey, E. C, Harvard University, Cambridge, Mass. 

Jennings, Otto E., Carnegie Museum, Pittsburgh, Pa. 

Kelijogg, Remington, Bureau of Biology, U. S. Department of Agriculture, 
Washington, D. C. 

Kemprb, Dobothy B., 2527 Benvenue Street, Berkeley, Calif. 

Kew, W. S. W., U. S. Geological Survey, Washington, D. C. 

Kindle, Edwabd M., Geological Survey of Canada, Ottawa, Ontario. 

KiBK, Edwin, U. S. Geological Survey, Washington, D. C. 

Knight, S. H., University of Wyoming, Laramie, Wyo. 

Knowlton, Fbank H., U. S. Geological Survey, Washington, D. C. 

Lee, Willis T., U. S. Geological Survey, Washington, D. C. 

Leonabd, H. M., Morton Street, Porterville, Calif. 



Digitized 



by Google 



140 PROCEEDINGS OF THE PALEONTOLOGICAL SOCIETY 

liOEL, Wayne Frederick, General Petroleum Corporation, Higgins Building, 
Los Angeles, Calif. 

LooMis, Frederick B., Amherst College, Amherst, Mass. 

Lull, Richard S., Tale University, New Haven, Conn. 

Luther, D. D., Naples, N. T. 

Mansfield, Wendell C, U. S. Geological Survey, Washington, D. C. 

Mark, Clara G., Dept. of Geology, Ohio State University, Columbus, Ohio. 

Martin, Bruce, Waukena, Tulare County, Calif. 

Mather, K. F., Denison University, Granville, Ohio. 

Matthew, W. D., American Museum of Natural History, New York City. 

Matthew, George F., 65 Edgar's Lane. Hastings-on-Hudson, N. Y. 

Maynard, T. Poolk, 1622 D. Hunt Building, Atlanta, Ga. 

MgBride, Thomas H., University of Iowa, Iowa City, Iowa. 

McEwAN, Eula D., Simpson College, Indianola, Iowa. 

McGregor, J. H., Columbia University, New York City. 

McLearn, Frank H., Geological Suney of Canada, Ottawa, Canada. 

Mehl, Maurice G., University of Missouri, Columbia, Mo. 

Merriam, John C, Carnegie Institution, Washington, D. C. 

Mesler, Rector D., U. S. Geological Survey, Washington, D. C. 

Miller, Paul C, Walker Museum, University of Chicago, Chicago, 111. 

Moodie, Roy L., University of Illinois, Congress and Honore Sts., Chicago, IIL 

Moody, Clarence L., University of California, Berkeley, Calif. 

Mook, Charles C, American Museum of Natural History, New York City. 

Moore, R. C, University of Kansas, Lawrence, Kans. 

MoRAN, Robert B., 215 W. 7th Street, Ix)s Angeles, Calif. 

Moelse, William C, Mississippi Agricultural and Mechanical College, Agricul- 
tural College, Mississippi. 

Moses, Florence Emma, 1819 Addison Street, Berkeley, Calif. 

Narraway, James B., Department of Justice, Ottawa, Canada. 

Nelson, Norman E., 116 East 8th Street, Fort Worth, Texas. 

Nelson, Richard N., 2237 Durant Avenue, Berkeley, Calif. 

Nofi, Adolf Carl, University of Chicago, Chicago, 111. 

NoMLAND, JoRGEN O., 200 Bush Street, San Francisco, Calif. 

O' Con NELL, Marjorie, American Museum of Natural History, New York City. 

OsBORN, Henry Fairfield, American Museum of Natural History, N. Y. City. 

Pack, R. W., U. S. Geological Survey, Washington, D. C. 

Packard, Earl L., Eugene, Oreg. 

Palmer, Katherine Van Winkle, University of Washington, Seattle, Wash. 

Parks, William A., University of Toronto, Toronto, Ontario. 

Patten, William, Dartmouth College, Hanover, N. H. 

Peterson, O. A., Carnegie Museum, Pittsburgh, Pa. 

Petrunkevitch, Alexander, 266 Livingston Street, New Haven, Conn. 

Price, William A., Jr., 1320 Great Southern Life Building, Dallas, Texiis. 

Raymond, Percy E., Museum of Comparative Zoology, Cambridge, Mass. 

Reeds, Chester A., American Museum of Natural History, New York City. 

Reeside, John B., Jr., U. S. Geological Survey, Washington, D. C. 

Resser, Charles E., U. S. National Museum, Washington, D. C. 

Richards, Esther E., Rio Bravo Oil Company, Southern Pacific Building, 
Houston, Texas. 



Digitized 



by Google 



Ll&t O^ MfiMBfiRS 141 

RiGOS, B. S., Field Museum of Natural History^ Chicago, 111. 

Robinson, Wilbub I., Geological Survey of Michigan, Lansing, Mich. 

RoMEB, A. S., 422 W. 20th Street, New York City. 

RouNDT, Paul V., TJ. S. Geological Survey, Washington, D. C. 

Rowley, Robert R., Louisiana, Mo. 

RuEDEMANN, RuBOLF, Educatlou Building, Albany^ N. Y. 

Russell, Richabd Joel, 2412 Piedmont Avenue, Berkeley; Calif. 

Sabdeson, Fbedebick W., 414 Harvard Street, Minneapolis, Minn. 

Sable, Clifton J., University of Arizona, Tucson, Ariz. 

Savage, Thomas E., University of Illinois, Urbana, 111. 

Schuchebt, Chables, Yale University, New Haven, Conn. 

Scott, William B., Princeton University, Princeton, N. J. 

Sellabds, Ell/ls H., University of Texas, Austin, Texas. 

Shideleb, Wiluam H., Miami University, Oxford, Ohio. 

Shimee, Hebvey W., Massachusetts Institute of Technology, Boston, Mass. 

Sinclaib, William J., Princeton University, Princeton, N. J. 

Slocom, Abthub Wabe, Walker Museum, University of Chicago, Chicago, 111. 

Smith, Bubnett, Syracuse University, Syracuse, N. Y. 

Spbingeb, Fbank, U. S. National Museum, Washington, D. C. 

Staittok, T. W., U. S. Geological Survey, Washington, D. C. 

Stauffeb, Clinton R., University of Minnesota, Minneapolis, Minn. 

Stephenson, L. W., U. S. Geological Survey, Washington, D. C. 

Stebnbebg, Chables H., Lawrence, Kans. 

Stock, Chesteb, 2839 Forest Avenue, Berkeley, Calif. 

Stoneb, Reginald C, Standard Oil Building, San Francisco, Calif. 

Stbickland, Fbank Peteb, Jb., 640 Oakland Street, Kansas City, Mo. 

Swabtz, Chables K., Johns Hopkins University, Baltimore, Md. 

Talbot, Mignon, Mt Holyoke College, South Hadley, Mass. 

Telleb, Edgab E., 66 Highland Street, Buffalo, N. Y. 

Thomas, A. O., University of Iowa, Iowa City, Iowa. 

Thompson, Aiaebt, American Museum of Natural History, New York City. 

Thobpe, Malcolm R., Osborn Zoological Laboratory, Yale University, New 

Haven, Conn. 
Tieje, Abthub J., Dept. of Geology, University of Colorado, Boulder, Colo. 
Tbask, Pabkeb Davies, 1502 Alice Street, Oakland, Calif. 
Tboxell, Edwabd L., Osborn Zoological Laboratory, Yale University, New 

Haven, Conn. 
Twenhovel, William H., University of Wisconsin, Madison, Wis. 
Twitchell, M. W., Geological Survey of New Jersey, Trenton, N. J. 
Uiaich, Edwabd O., U. S. Geological Survey, Washington, D. C. 
Unoeb, Claude E., Pottsville, Pa. 
Van Deloo, Jacx>b, Education Building, Albany, N. Y. 
Van Ingen, Gilbebt, Princeton University, Princeton, N. J. 
Van Tutl, Fbancis M., Colorado School of Mines, Golden, Colo. 
VA170HAN, T. Wayland, U. S. Geological Survey, Washington, D. C. 
VoovES, Anthony W., 2425 First Street, San Diego, Calif. 
Waqneb, Cabboll Mabshall, 2520 Wilshire Building, Los Angeles, Calif. 
Waixx)tt, Chables D., Smithsonian Institution, Washington, D. C. 
Waxteb, Otto F., 421 Reynolds Street, Iowa City, Iowa. 



Digitized 



by Google 



142 



PROCfiEDlNOS OF THE PALEONTOLOOICAL SOCIETY 



Weaver, Ghables F., University of Washington, Seattle, Wash. 
Weixeb, Stuabt, University of Chicago, Chicago, 111. 
White, David, U. S. Geological Survey, Washington, D. C. 
Whittakeb, Edwabd J., Geological Survey of Canada, Ottawa, Canada. 
WiELAiro, G. R., Tale University, New Haven, Conn. 
Williams, Mebton Y., University of British Columbia, Vancouver, B. C. 
Wilson, Alice E., Victoria Memorial Museum, Ottawa, Canada. 
Wilson, Hebbick E., 224 West College Street, Oberlin, Ohio. 
WiNTON, W. M., Texas Christian University, Fort Worth, Texas. 
WooDBiNG, Wendell P., U. S. Geological Survey, Washington, D. C 
WooDFOBD, Alfbed OSWALD, PomouB College, Claremont, Calif. 

NEW MEMBERS 

JosiAH Bbidob, Missouri School of Mines and Metallurgy, Rolla, Mo. 
J. E. Cabman, Ohio State University, Columbus, Ohio. 

Henby G. Ct.inton, Black Mammoth Consolidated Mining Comimny, Manhat- 
tan, Nev. 
Jennie Dobib Dabt, 114 High Street, New Haven, Conn. 
Geoboe M. Ehlebs, University of Michigan, Ann Arbor, Mich. 
Edwabd J. Foyles, American Museum of Natural History, New York City. 
J. W. Gidley, U. S. National Museum, Washington, D. C. 
Hedwig T. Knikeb, The Texas Company Building, Houston, Texas. 
Helen Mobningstab Lambobn, Ohio State University, Columbus, Ohio. 
Handel T. Mabtin, University of Kansas, I^awrence, Kans. 
Joseph K. Robebts, Vanderbilt University, Nashville, Tenn. 
RiciiABD W. Smith, State Geological Survey, Nashville, Tenn. 
Stanley Smith, Queens University, Kingston, Ontario. 
J. L. TiLTON, Morgantown, W. Va. 

Walteb C. Toepelman, University of Colorado, Boulder, Colo. 
Geobge B. Twitchell, 845 Dayton Street, Cincinnati, Ohio. 
Pebcival S. Wabben, University of Alberta, Edmonton, Alberta. 



Kdken. E. Died Nov. 24, 1912. 
Nathorst, Dr. A. C. Died Jan. 20, 1921 



CORRESPONDENTS DECEASED 

Woodward, Da. H. 



Died Sept. 6, 1921. 



MEMBERS DECEASED 



Barrkll, .Toseph. Died May 4, 1919. 
Billings, W. R. Died March 1, 1920. 
Calvin, Samuel. Died April 17, 1911. 
Clark, Wm. B. Died July 27, 1917. 
Crozel, Georges. Died Oct., 1921. 
Derby, Orvillk A. Died Nov. 27, 1915. 



Doneguy, John T. 
Kastman, Chas. B. 
F'oxTAixE, Wm. M, 
(iiLL, Theodore N. 
Gordon, Robert H. 



Died June 29, 1921. 

Died Sept. 27, 1918. 
Died April 30, 1913. 
Died Sept. 25, 1914. 

Died May 10, 1910. 



IJamlin, Homer. Died in July, 1920. 
Harper, George W^ Di«i Aug. 19, 1918. 
Hawver, J. C. Died May 15. 11*14. 
Lam BE, L. M. Died March 12, 1919. 
Lyon. Victor W. Died Aug. 17, 1919. 
Moody, W. L. Died Oct. 9, 1920. 
Prosser, C. S. Died Sept. 11, 1916. 
Seely, Henry M. Died May 4, 1017. 
Waring, Clarence A. Died Nov. 4. 1918. 
Williams, Henry S. Died July 31, 19ia 
Willi STON, S. W. Died Aug. 30. 1918. 



Digitized 



by Google 



Digitized 



by Google 



Digitized 



by Google 



f 



Proceedings of the Paleontological Society 



AMERICAN AND EUROPEAN TERTIARY BRYOZOA 



BY 



F. CANU AND R. S. BASSLER 



[Reprinted from the Bulletin of the Geological Society of America. 
Vol. 35, pp. 847-850. Published December 30. 1924] 



Digitized 



by Google 



Digitized 



by Google 



BULLETIN OF THE GEOLOGICAL SOCIETY OF AMERICA 

Vol. 35. pp. 847-850 DECEMBER 30. 1024 

PROCEEDINGS OF THE PALEONTOLOGICAL SOCIETY 



AMERICAN AND EUROPEAN TERTIARY BRYOZOA^ 

BY F. CANU AND R. S. BASSLER 

{Read before the Paleontological Society December 27, 192S) 

CONTENTS 

Page 

Introduction 847 

Early Tertiary bryozoau faunas 847 

Oligocene bryozoa 849 

Bryozoa of the American Miocene 849 

Pliocene bryozoa 850 



Introduction 



The comparison of the bryozoan faunas of Europe and North America 
is very difficult for several reasons : First, the rock series are incomplete 
and never in strict conformity. Second, the European publications are 
much scattered and do not always correspond to the richness of the for- 
mations considered. France especially, with strata enormously rich in 
bryozoa, has insufficient literature. Third, the hesitations of classifica- 
tion, which commence only when one tries to adjust them, increase the 
causes of uncertainty. Finally, most of the Tertiary faunas of America 
and Europe originated in totally different areas. We are able, therefore, 
to give at this time only an approximate view of the subject. 

Early Tertiary bryozoan Faunas 

In Europe the bryozoan fauna of the Lower Eocene is unknown, for 
there were then lagoon conditions incompatible to the development of 
these organisms. Only the Monti an has been studied heretofore by 
Pergens and has furnished a strange mixture of Cretaceous and Eocene 
forms, the determination of which must be revised. 



* This paper is one of the series composing a "Symposium on the correlation of the 
Tertiary formation of southeastern North America, Central America, and the West 
Indies with the Tertiary formations of Europe." 

^[anusc^ipt received by the Secretary of the Society September 2, 1924. 

(847) 
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Near the base of the Aquia formation, in Maryland, the glaucouitic' 
sand of the Upper Marlboro section, a most unusual deposit, contains 
bryozoa and other fossils indicative of the high seas, with nothing com- 
para))le to the series of superposed deposits. The fauna so far collected 
is essentially Cretaceous. The Cretaceous and Eocene deposits of Mary- 
land and Xew Jersey, being more northern, are in consequence most 
comparable with the known European deposits. But the association, 
Euritina, CribrUina, Coscinopleura, Lunularia, Heteropora, and Cerio- 
pora, is essentially Cretaceous in Europe since the Cenomanian. Noth- 
ing reveals a deposit of Eocene age. The malacological fauna of the 
Aquia following the glauconitic sand is rigorously that of the famous 
locality of Bracheux, in France; it is certainly Thanetian, as Heilprin 
has always regarded it. 

The bryozoan faunas of the Midwayan have been collected in Arkansas, 
Alabama, and Georgia. The affinities are still Cretaceous, with the 
generic association of Smittipora, Euriiinu, Bathosella, and Ascosoecvi, 
but the presence of Recent genera, Galeopsis and Gephyroies (appearing 
in the Cretaceous Vincentown marl), Oastropella (occurring at the top 
of the Cuisian), Ilippoporina and Anarthropora indicates the beginning 
of the Eocene series as in Europe. But as we have not observed all the 
genera collected in the London clays and in the superior sands of Cuise- 
Lamotte in France, we can synchronize the American Midwayan only 
with the French Sparnacian and the base of the Cuisian. 

In regrettable contrast, when really important bryozoan faunas appear 
in Europe we find nothing in America which can be rigorously compared 
to them. Between the Midwayan and the Claibornian we have only a 
small, insignificant fauna found in the Wilcoxian. Here the Cretaceous 
forms have almost disappeared. The appearance of the genera Cijsiviella, 
RharnphostomeUa, Aimulosia, Lunularia, and Adeonellopsis indicate that 
this stage is in correlation with the superior Cuisian of France and per- 
liaps with the base of the Lutetian of western Europe. 

The Claibornian has Lutetian affinities with Exechonella (from the 
Lutetian of southern France), Adeonellopsis (from Lutetian of Paris 
basin), and with the association of Trochopora, Otionella, Porella, and 
Schizorthosecos. However, the rich development of the Adeonidae in the 
Paris basin has no equivalent in America. The presence of Vibracellina 
and of JJoloporella and the consideration that almost all the species pass 
into the Jackson ian permits us to consider the Claibornian as the equiv- 
alent of the superior Lutetian and the Auversian. 

The fauna from the Jacksonian is one of the most beautiful in tho 
world. Almost all the Recent genera are represented. It is very close, 
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although much richer than that from the European Priabonian. There 
are some common species, namely, Rhamphostomella hrendolensis, Ge- 
mellaria prima, Oallopora ienuirostris, Conopeum hookeri, Acanthodesia 
savarii, Centronea micropora, Lichenopora verrucosa, etcetera. There, 
are some genera which appear simultaneously — Sci-upocellaria, Houzeau- 
ina, CeUaria, Mastigophora, Reiepora, etcetera. 

Oligocene Bryozoa 

The Vicks^urgian, much less rich, has, nevertheless, afforded an im- 
portant fauna, very comparable to the German Oligocene deposits, which 
form in reality only a single stage. There are some common species, as 
Lichenopora goldfussi, Stephanoselja entomostoma, Smittina stromhecki, 
Smittina angulata, etcetera. The presence of species of Metrardbdotos 
(from the Latdorfian) leaves no doubt as to the syi.^' ronism. 

The general evolution on the two continents is nc Jentical. Thus 
Nellia and Heterocella, abundant fossils in the Lutetian, are known only 
in the Vicksburgian. Likewise Retepora, CeUaria, Tubucellaria, Peristo- 
mella, and Bracehridgia, appearing in the Lutetian epoch, have yet been 
observed only in the Jacksonian. Finally Trypostega, appearing in the 
American Midwayan, is known only in the European Miocene. 

Bryozoa of the American Miocene 

The comparison of Miocene deposits of bryozoa in America and Europe 
is not actually possible. The first reason is geographic. In Europe the 
more important Miocene deposits are found to the north of the fortieth 
parallel, while in America they are situated to the south. The second 
reason is bibliographic. 

In America the Miocene and Pliocene strata with bryozoa are rare and 
rather poor, although well studied. In Europe, on the contrary, and 
especially in France, they are very numerous and of great richness, but 
little studied. In order to appreciate these important faunas, we have 
at our disposal only the old monographs of Reuss (Tortonian), of Busk 
(Pliocene), and the lists of Seguenza and Neviani (Italy) and the few 
recent papers of Canu and Duvergier (Miocene of Bordeaux). The 
faluns of Touraine and the Sahelian of Oran, with a wonderful richness, 
are known only from the manuscript notes of Canu extracted from a 
work that may never be published for lack of time and resources. 

The American Lower Miocene Tampa and Alum Bluff formations fur- 
nish too few bryozoa to help in intercontinental correlation. The follow- 
ing American Miocene strata form two groups. In the first should be 
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classed the Choptank and Saint Marys formations. They present aD 
association of genera which persist today in the temperate Atlantic. The 
small number of Kecent species present indicates a relative antiquity for 
.the formation, but, with the bryozoa only, it is impossible to fix the age. 
Possibly the association of Cupularia and Theonoa, observed in Touraine, 
autliorizes us at least to class the Saint Marys formation near the 
Helvetian. 

In the second group must be classed the Bowden horizon, the York- 
town formation, the Duplin marl, and the Choctawhatchee marl. Their 
faunas are tropical or subtropical and are closely related to the Recent 
fauna of the Gulf of Mexico. They are in continual regression toward 
the south because of constant rising of the American continent. Velu- 
mella, Floridina, Sieganoporella, Metrarabdotos, and Hippaiiosina are 
the most characteristic genera. 

The Bowden horizon was considered for a long time in Europe as the 
equivalent of the Lower Miocene (Burdigalian). We have observed here 
52 species, in which 16 are Recent (32 per cent), thus indicating a more 
recent division of the Miocene. 

The faunules collected in the other formations are of unequal value 
and little comparable among themselves. Nevertheless, in applying the 
usual method of enumeration we have constructed the following small 
table : 

Species observed. Recent species. Percentage. 

Chosctawhatchee marl 22 8 36 

Duplin marl 50 17 34 

Yorktown formation 32 9 28 

Although this method is often of little value, in this case it confirms 
the superposition recognized by the geologists; but it is absolutely im- 
possible to establish any synchronism whatever with the European de- 
posits formed in a much colder zone. The species pass easily from one 
stage to another, even into the Pliocene, and there is apparently little 
arrest in sedimentation. 

Pliocene Bbyozoa 

From the Pliocene we have material from three localities only. They 
have given only 36 species. This fauna can not be compared, however, 
with the Miocene, which here yielded more than a hundred species. Ac- 
cording to the percentage of Recent species, the Waccamaw marl of the 
Pliocene is, perhaps, the inferior horizon, and the Caloosahatchie marl, 
especially as developed in Munroe County, Florida, is doubtless at the top. 
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Session of Thursday, December 27 

The preliminary business meeting, held usually at the first session of 
the Society, was postponed until Friday morning in order that the mem- 
bers could meet in joint session with the Geological Society of America 
on Thursday morning. At 12.30 the address of t)r. T. Wayland 
Vaughan, retiring President of the Paleontological Society, was delivered 
before all the affiliated societies in the auditorium of the Interior Build-" 
ing. As the presidential address formed the introductory paper of the 
symposium planned as the main feature of the meeting, an outline of its 
principal features is here presented. 

CRITERIA AND STATCS OF CORRELATION AND CLASSIFICATION OF 
TERTIARY DEPOSITS 

PB£SIDENTIAL ADDRESS BY T. WAYLAND VAUGHAN 

{ Abstract) 

This paper briefly reviews the essential principles utilized in geologric corre- 
lation, with particular reference to Tertiary deposits. After defining the 
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geologic terms formation, member, group, and stage, tlie necessity of type 
localities for stratigraphic units is emphasized and the construction of stand- 
ard stratigraphic sections and time scales is discussed. The biologic method 
of correlation is considered in some detail and the defects of both the Lyellian 
method and inference from supposedly known stratigraphic ranges of species 
and genera are pointed out. The effects of barriers on geographic distribu- 
tion, unequal rates of evolution in different areas, and rates and means of 
migration from one area to another are discussed in their bearing on problems 
of correlation, and more detailed and a)mprehensive investigation of the dura- 
tion of the free-swimming larval stages of marine organisms is urged. The 
value of interdigitating terrestrial and marine organisms In correlation is 
stated. 

The previous attempts to correlate American with European Tertiary forma- 
tions are briefly outlined; the defects and the causes of the defects of these 
attempts are discussed and suggestions for remedying them are made. 

The importance of the American Tertiary formations in solving problems 
of world-wide correlation of Tertiary formations is stated, and more thorough 
and comprehensive investigations of the stratigraphy and paleontology of 
Central America and the West Indies is specially urged. 

The principal units of the classification of European Tertiary deposits are 
listed, and reference to the original publication, the source of the name, the 
type locality, and the general features of each limit are given. The paper 
closes with a similar list of units in the classification of the Tertiary deposits 
of southeastern' North America, Central America, and the West Indies. 

The societies then adjourned for luncheon. 

At 2 p. m. the Paleontological Society met in the conference room 
of the Director, United States Geological Survey, and, with Doctor 
Vaughan in the chair, proceeded with the reading of the symposium 
papers. 

SYMPOSIUM ON THE CORRELATION OF THE TERTIARY FORMATIONS OF 

SOUTHEASTERN NORTH AMERICA, CENTRAL AMERICA, AND THE 

WEST INDIES WITH THE TERTIARY FORMATIONS OF EUROPE 

The first paper was presented by the author. Discussion was reserved 
until the presentation of all papers had been .completed. 

TERTIARY TERRESTRIAL VERTEBRATE HORIZONS OF yORTH AMERICA 
BY W. D. MATTHEW 

In the unavoidable absence of the author, the second paper had to be 
read by title. 

INTERDWITATWN OF AMERICAN TERTIARY TERRESTRIAL VERTEBRATES 
WITH MARINE DEPOSITS 

BY J. C. MERKIAM 
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The next speaker discussed the geographic distribution of living 
pelagic vertebrates and the geologic occurrence of North American Ter- 
tiary cetaceans, comparing the various American faunas with those of 
Europe. 

TERTIARY PBLAOIC VERTEBRATES OF EASTERN NORTH AMERICA 
BT BElilNOTON KEIXOGO 

The floras of tlie various stages of the Tertiary of southeastern North 
America were compared witli those of Central America, the Antilles and 
northern South America, and the present status of their cor^'elation with 
one another, with the standard marine section, and with the Tertiary 
floras of Europe were discussed in the next paper. 

AMERICAN TERTIARY TERRESTRIAL PLANTS AND THEIR INTERDIGITATION 

WITH MARINE DEPOSITS 

BT E. W. BEBRY 

President Vaughan then presented the data afforded by the larger 
foraminifera and corals. 

AMERICAN AND EUROPEAN TERTIARY LARGER FORAMINIFERA AND CORALS 
BY T. WAYLAND VAUOHAN 

{ Abstract) 

Most of the genera of larger foraminifera common to Europe and America 
have similar, or nearly similar, stratigraphlc ranges on the two continents, 
as is shown by the following data on their stratigraphlc distribution in Amer- 
ica. No large NummuUtes, such as are common in Eurasia, are known in 
America. Small species, probably not true Nummulitcs, range from deposits 
of middle Eocene age to middle and perhaps uppermost Oligocene. Operculina 
ranges from middle Eocene to the Tuxpan Miocene. Heterostegina ranges 
from upper Eocene to the top of the Culebra formation, probably Aquitanian. 
Species referred to the nomenclatorially invalid genus Orthophragmina range 
from Claibornian or slightly lower Eocene to uppermost Eocene. The species 
referable to Asteriacites of Schlotheim and similar forms are known only in 
the upper Eocene. Cycloelypeus and AsHlina are unknown in America. Lepi- 
docycline foraminifera of Lepidorhitoides fades are abundant in the upper 
Eocene; tnie Lepidocyclina ranges from upper Eocene to the horizon of the 
Emperador limestone, probably the equivalent of the Aquitanian. Helieole- 
pidina is known only in the upper Eocene of America. Miogypsina is known 
in the upper part of the Culebra formation, the Emperador limestone, and the 
Anguilla formation, in deposits probably the equivalent of the European 
Aquitanian. Dictyoconus ranges from the middle Eocene Plaisance limestone 
of Haiti to the middle Oligocene Glendon limestone in Florida. Sorites ranges 
from the Culebra formation to Recent. Alveolitia is common in the Eocene 
of Jamaica, and is represented by a small species in younger deposits. 
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Lepidocyclina s. s. (type L. manteUi) in America seems to attain its maxi- 
mum development earlier than In Europe. In America this development Is 
upper Eocene and lower and middle Oligocene, but the genus is represented 
in deposits probably the equivalent of the Aquitanian. 

The principal tie points between the American and European coral faunas 
are, as I have already published, the upper Eocene Saint Bartholomew lime- 
stone with the Priabonian of Italy and the lower part of the Antigua forma- 
tion and the CUendon limestone of Florida and Georgia with the Rupellan of 
Castel Goberto and other places in northern Italy. 

A paper by Dr. G. Stefanini, of Florence, Italy, newly elected Corre- 
spondent of the Society, dealing with the correlation as shown by the 
echinoids, was read by C. W. Cooke. 

AMERICAN A\D EUROPEAN TERTIARY ECHINOIDS 
BY O. STEFANINI 

The value of the bryozoa in intercontinental correlation and other 
features of geologic interest exhibited by these organisms were indicated 
in a paper read by R. S. Bassler. 

AMERICAN AND EUROPEAN TERTIARY BRYOZOA 
RY F. CANU AND B. S. BAS8LEB 

The remaining papers of the symposium dealt with the molluscan evi- 
dence. The first of these was concerned with the early Tertiary faunas. 

AMERICAN AND EUROPEAN EOCENE AND OLIQOCENE MOLLUSCS 
BY C. WYTHE COOKE 

{AUiract) 

An important tie point in the correlation of the American and European 
formations is the fauual break between the Ek>eene and Oligocene. Less than 
9 per cent of the mollusc*s in the Red Bluff clay (lower Oligocene) are sur- 
vivors from the Eocene, and the proportion for the entire Vicksburg group is 
considerably less. Fewer than 5 per cent of the molluscs in the large San- 
noissian fauna are F^ocene species. Both above and below this break the 
generic assemblages on both sides of the Atlantic are similar. 

Direct <>omi)arison of American with European forms has been hampered 
by the lack of rei)reseutative collections from many foreign localities, but 
many similar, possibly identical s[)ecies can be cited. Some of these are char- 
acteristic Eocene or Oligocene species, but range through several formations. 
In general, therefore, precise correlations between American and European 
formations based only upon our present knowledge of the molluscs are not 
practicable. 

The later Tertiary mollusca were discussed in the next paper. 
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COASTAL PLAIN AND EUROPEAN MIOCENE AND PLIOCENE MOLLUBOS 
BY JULIA GARDNER 

(Abtttract) 

The fuuiia of the ChiiK)la marl at tlie base of the Alum Bluff and of the 
Mlooeue approacheH more closely to a troiiituil fauna than does any other 
Miocene fauna of the noutheastern United States. On the basis of the strati- 
graphic position of Central American and West Indian faunas of the same 
age the relationship of the Chipola to the Burdtgalian fauna of southwestern 
France may be traced. With the gradual cooling of the waters in the later 
Alum Bluff, many of the tropical species disappear and the affinity of the later 
Alum Bluff to the Burdigalian of southern Europe becomes more obscure. 
The most pronounced faunnl break in the Neocene of the East Ck>ast occurs 
at the close of the Shoal River. The tropical species are swept away by the 
influx of cooler waters from the north and supplanted by a fauna remarkably 
homogeneous from Maryland to Florida and comparable to that of north- 
central Europe. In the later Miocene there is a gradual readjustment and an 
approximation to modern c*onditions. A warm current allowed the southern 
faunas to reestablish themselves, to a certain extent, as far north as Hatteras. 
A comparison of the Duplin and Cho<*tawhatchee may be made with the Sar- 
mation and Tortonlan of southern Europe, but the correlation of the Yorktown 
with the Upper Miocene of Europe is less direct. The relationship of the East 
Coast Pliocene faunas to those of the Pliocene of Europe is closely analogous 
to the relationship of the Bast Coast Recent and European faunas. 

The final paper of the symposium, illustrated by numerous charts, 
was then presented. 

WEST INDIAN, CENTRAL AMERICAN, AND EUROPEAN MIOCENE AND 
PLIOCENE MOLLUSCS 

BY W. P. WOODBING 

(Abstract) 

The Miocene deposits of the West Indies and Central America contain rich 
tropical faunas of probably 2,00() species of molluscs, of which not more than 
half have been described. Pliocene deposits so far explored have yielded only 
a meager fauna. These West Indian and Central American faunas are com- 
pared with essentially similar faunas of two classic European Tertiary basins, 
the Aquitaine basin of France and the Piedmont basin of Italy. 

The composition of the American and European faunas, based on the genera, 
is graphically shown on charts. The American faunas are predominantly 
West Indian. Their most striking exotic element is a group of genera now 
living only in the I*acific Ocean or in the Indo-Paclflc region. The European 
faunas have a much larger percentage of exotic genera. The largest group 
of liviiig exotic genera is West Indian. Other exotic genera are living both in 
the West Indies and along the West African coast; others only along the 
coast of West Africa, especially along the Senegalese coast. The European 
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faunas have an even larger percentage of Pacific and Indo-Pacific genera than 
the American faunas, but for the most part these genera in the two regions 
are different. 

Almost all the exotic genera in the European deposits now living in the 
West Indies, or in both West Indian and West African waters, are common 
West Indian and Central American Miocene fossils. For this reason there is 
a striking resemblance between these American and European Miocene faunas. 
This resemblance reaches its culmination in the Helvetian faunas, as is shown 
in a graph. 

A general discussion of the problems brought out in the 8}Tnpo8ium 
followed the concluding paper, and the subject of tlie smaller forami- 
nifera which had not been considered was especially reviewed. 

At 6 p. m. the Society adjourned until the following day. 

Thursday evening at 7.30 the members met in the auditorium of the 
Interior Building with the other affiliated societies to hear the address 
of Mr. David White, retiring President of the Geological Society of 
America and former President of the Paleontological Society. Mr. 
White's address was entitled "Gravity observations from the standpoint 
of local geology.'^ 

Following this address the members were tendered a complimentary 
smoker by the Geological Society of Washington. 



Session of Friday, December 28 

President Vaughan called the fifteenth annual meeting of the Society 
to order in business session, at 9.15 a. m., December 28, in the Director's 
conference room, and after welcoming the members to Washington re- 
quested the reading of the report of the Council. 

REPORT OF THE COUNCIL 

To the Palconiologual Society in fifteenth anmud meeting assembled: 

The Society's business for the year has been transacted by two formal 
meetings of the Council and by correspondence. 

Secretary's Report 
To the Council of the Paleontological Society: 

Meetings.— The proceedings of tlie fourteenth annual meeting, held 
at Ann Arbor, Micliigan, December 28-30, 1922, have been printed in 
volume 34, number 1, of the Bulletin of the Geological Society of Amer- 
ica, pages 121-142. The Councirs proposed nominations for officers for 
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1924 was mailed to the members on March 1, 1923. At the same time 
it was announced that the fifteenth annual meeting would be held at 
Washington, D. C, December 27-29, 1923, as guest of the Geological 
Society of Washington, and that a symposium on the "Correlation of 
the Tertiary formations of southeastern North America, Central Amer- 
ica, and the West Indies with the Tertiary formation of Europe'' was 
proposed for this meeting. 

Membership, — The Society has lost four of its members during the 
year by death — Mr. Thomas A. Bostwick, well known for his long service 
in the care of the paleontological collections at Peabody Mustmm, Yale 
University, and Mr. Edgar E. Teller, General Anthony W, Vogdes, and 
Mr. George F. Matthew, three active students of invertebrate paleon- 
tology who have done much to further the science by their work and 
publications. Six new members have just been elected to the Society 
and five nominations are awaiting consideration at this meeting. Five 
of our members have been elected this year to Fellowship in the Geolog- 
ical Society of America and one Fellow of the latter Society has re- 
quested election to our own Society. The result of these various changes 
leaves a total number of members at the end of 1923 of 239. 
• Publications, — The publications of the Society for the year consist of 
the Proceedings, the Presidential address, and three papers on vertebrate 
paleontology, all appearing in the Bulletin of the Geological Society of 
America. 

Dr. R. S. Lull represented the Society at the Joseph Leidy Commem- 
orative Meeting, held at the Philadelphia Academy of Natural Sciences, 
December 6, 1923. 

The Council appointed Dr. Arthur Hollick, on March 10, 1923, as the 
representative of the Society on Botanical Abstracts, succeeding Dr. 
E. W. Berry, whose term had expired. 

During the year the Council has cooperated with the Geological So- 
ciety of America in an effort to more logically classify the papers pre- 
sented at the meeting by the various affiliated societies, and especially to 
arrange a program in which papers of general interest would not conflict. 
Several circular letters regarding this subject were sent to the members 
during the course of the year. It is believed that the program as ar- 
ranged for the present meeting, providing for joint sessions of the affili- 
ated societies for the presentation of papers of general interest, obviates 
most of the points under criticism. 

Pacific Coast Branch, — The meeting of the Pacific Branch of the Pale- 
ontological Society wafe held on September 18, at the Los Angeles Mu- 
seum of History, Science and Art, Exposition Park, with Vice-President 
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A. 0. Woodford presiding. Ten papers dealing particularly with the 
stratigraphy and paleontology of the West Coast were presented. 
Respectfully submitted, R. S. Bassler, 

Secretary. 
Washin<}ton, D. C, December 26, 1923. 

Treasurer's Report 

To the Council of the PaleonfologiccU Society: 

The Treasurer begs to submit the following report of the finances of 
the Society for the fiscal year ending December 22, 1923 : 

RECEIPTS 

Cash on hand December 23, 1922 $802.22 

Membership fees 288.00 

Interest, Connecticut Savings Banl£ 29.64 

$1,119.86 

EXPENDITURES 

Secretary's office: 

Secretary's allowance $50.00 

Clerical aid 25.00 

Office expenses 48.00 

$123.00 

Treasurer's office: 

Treasurer's allowance $25.00 

Postage 4.00 

29.00 

Geological Society of America : 

Printing programs, etcetera $9.25 

Reprints 28.00 

37.25 

189.25 

Balance on hand December 22, 1923 $930.61 

Net increase in funds $128.39 

Outstanding dues (1922, 4 ; 1923, 24) 84.00 

Final statement of retiring Treasurer, 1911-1923: 

Received from W. D. Matthew, 1911 $141.91 

To be paid to C. O. Dunbar. 1923 930.61 

Net increase in funds $788.70 

Liabilities due at this time, none. 

Respectfully submitted, Richakd S. Lull, 

Treasurer. 
New Haven, Connecticut, December 22, 1923. 
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APPOINTMENT OF AUDITING COMMITTEE 

Following the report of the Council, President Vaughan appointed 
Messrs. Resser and Twenhofel as a committee to audit the Treasurer's 
accounts. 

ELECTION OF OFFICERS AND MEMBERS 

The result of the election of officers for 1924 and of new members was 
then read as follows : 

OFFICERS FOR 192k 

President: 
E. W. Berry, Baltimore, Maryland 

First Vice-President: 
E. H. Barbour, Lincoln, Nebraska 

Second Vice-President: 
Frank Springer, Washington, D. C. 

Third Vice-President: 
F. M. Anderson, Berkeley, California 

Secretary: 
K. S. Bassler, Washington, D. C. 

Treasurer: 
Carl 0. Dunbar, New Haven, Connecticut 

Editor: 
Walter Granger, New York City 

yEW MEMBERS FOR mk 

John H. Bradley, Jr., 5640 Woodlawn Avenue, Chicago, Illinois. 
Habby S. Ladd, Old Science Hall, University of Iowa, Iowa City, Iowa. 
Erwin R. Pohl, U. S. National Museum, Washington, D. C. 
Mebbiix a. Stainbrook, Old Science Hall, University of Iowa, Iowa City, Iowa. 
Franklin E. Vestal, Department of Geology, Agricultural College, Mississippi. 
Bradford Willard, Department of Geology, Brown University, Providence, 
Rhode Island. 
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NEW NOMINATIONS AND ELECTION TO MEMBERSHIP 

The following five nominations to membership arriving too late for 
printing on the ballot had received the approval of the Council and were 
now presented for action by the Society. In turn the qualifications of 
each nominee were presented to the members. All received election 
upon vote: 

T. D. A. CocKERELL, 905 Tenth Street, Boulder, Colorado. Professor of Zool- 
ogy, University of CJolorado. Proposed by R. S. Bassler and E. O. Ulrioh. 

Eustace L. Furlong, 1031 Glendora Avenue, Oaltland, Califonila. Curator 
of Mammals, Museum of Paleontology, University of California. Pro- 
posed by Ralph W. Chaney and Chester Stock. 

Murray O. Hayes, Assistant I^rofessor of Geologj', Brigham Young University, 
Provo, Utah. Proposed by E. O. Ulrich and R. S. Bassler. 

Allen Tester, graduate student, Department of Geology, University of Wis- 
consin, Madison, Wisconsin. Proposed by W. H. Twenhofel and R. C. 
Moore. 

J. B. WiNSTANLEY, 2818 Orchard Avenue, Los Angeles, California. Proposed 
by Ralph W. Chaney and Chester Stock. 

Mr. F. Julius Fobs, elected to Fellowship in the Geological Society of 
America, requested enrollment in the membership of the Paleontological 
Society. Upon vote, Mr. Fohs was duly elected a member. 

ELECTION OF CORRESPONDENTS 

President Vaughan then reported that the Council favored the elec- 
tion as Correspondents of three distinguished foreign geologists and 
paleontologists — Dr. F. A. Bather, of England; Prof. G. Stefanini, of 
Italy, and Dr. G. E. Pilgrim, of India — in view of their important con- 
tributions to our science. The work of Doctor Bather was reviewed by 
R. S. Bassler, that of Doctor Pilgrim by President Vaughan and W. D. 
Matthew, and of Professor Stefanini by E. W. Berry. Upon vote, these 
three scientists were unanimously elected. 

Dr. F. A. Bather, British Museum (Natural History), Ix)ndon, England. 
Prof. G. Stefanini, Real Tstituto di Geologia e Paleontologia, Florence, Italy. 
Dr. G. E. Pilgrim, Superintendent, Geological Survey of India, Calcutta, India. 

NECROLOGY 

President Vaughan then recalled the Society's loss by death during 
the year of four members, and first requested Professor Dunbar to pre- 
sent some remarks upon the life of Mr. Bostwick. Professor Dunbar 
spoke as follows : 
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MEMORIAL OF THOMAS A. B08TWICK 

Thomas Attwater Bostwiek was born in New Haven, Connecticut, Novem- 
ber 29, 1859, the son of Frederick L. and Elizabeth Rowland Bostwiek. At 
the age of eighteen he entered the service of Professor Marsh, enrolling at the 
same time as a special student in Sheffield Scientific School, and six years 
lat*r, two j'ears after the erection of I*eabody Maseum at Yale, joined its staff 
as an assistant. This was the beginning of a long and faithful service which 
he fulfilled until his very last days. During the earlier years he accompanied 
Marsh and Beecher on several fossil-hunting expeditions, and throughout the 
intervening years he journeyed to many parts of the country to pack and ship 
the numerous important natural history collections that from time to time 
have been generously given to Yale. He was the only member of the staff 
whose services were continuous from the founding of the Museum until the 
razing of the old building in 1917, and his knowledge of our vast collections 
was, therefore, Irreplaceable. 

In 1888 Mr. Bostwiek married Emily Farnsworth, who survives him. His 
gentleness of manner and thoughtfuluess of otliers were outstanding charac- 
teristics of a personality that knew only friends, and his quiet and unselfish 
devotion to his work rendered his services In Peabody Museum almost in- 
valuable. 

Dr. W. D. Matthew then spoke of liis father's life and work. His re- 
marks are summarized below. 

MEMORIAL OF GEORGE F. MATTHEW 

George Frederic Matthew was born at Saint John, New Brunswick, Canada, 
August 12, 1837, of United Empire liOyallst parentage, the family having come 
originally from Dundee, Scotland. From the age of sixteen until a few years 
before his death he was on the staff of the Saint John Custom Service as 
surveyor of the port at the time of his retirement. He was Interested as a 
boy in natural history, especially geology and botany. With Charles Frederic 
Hartt and other young men he founded the Steinhammer Club, later devel- 
oped into the Natural History Society of New Brunswick. Many of the results 
of his earlier gen^loglc work were included in Dawson's Acadian Geology. 
After confederation, the Geological Survey of Canada undertook the mapping 
of the provln(»es, and Matthew was employed on field-work for several seasons, 
mostly with Bailey and Ellis, in southern New Brunswick. The great Saint 
John fire of 1877 was a heavy loss to him and destroye<l his library, herbarium, 
and geological collections, unpublished notes and records, and he limited him- 
self after that time to work in Cambrian paleontology, subsequently extend- 
ing It to later I*aleozoIc formations, but chiefly in and near Saint John. 

He was generally regarded as one of the principal contributors to the earlier 
knowledge of the geology of New Brunswick, and especially to the paleon- 
tology of the Cambrian of that region, its glacial and postglacial history, and 
the dlfiScult and still unsettled problems of Its later Paleozoic formations. 
Hi.s views as to the age of the latter, based upon the stratlgraphlc evidence, 
brought down upon him the denunciations of the ofiiclal school of paleobot- 



Digitized 



by Google 



182 PROCEEDINGS OF THE PALEONTOLOGICAL SOCIETY 

anists; but as none of lils critics have re-examined the stratigraphy, the 
matter should be held 8ub judice. 

Although not a college graduate, my father was widely read and well in- 
formed In many brandies of natural history. He had an honorary doctorate 
from Laval University, was a charter member of the Royal Society of Canada, 
a Fellow for many years of the Geological Society of London and the re- 
cipient of its WoUaston Medal ; a corresponding member of the old New York 
Lyceum of Natural History and of its successor, the Academy of Sciences; 
but his chief interest lay with the work of the local Natural History Society, 
in which he took an active part at all times, and for many of his later years 
as president of the Society. He was elected a member of the Paleontological 
Society In 1920. He died at Hastlngs-on-Hudson, New York, April 17, 1923, 
in his eighty-sixth year. He married, in 1868, Katherine M. Dlller. of Brook- 
lyn, New York, and had a family of six sons and two daughters. The oldest 
son, who ha» the honor to contribute this brief notice, follows in Ills father's 
footsteps. 

Personally, my father was a somewhat reserved and silent man, upright, 
modest and unselfish, and deeply Imbued with the love of nature. He was 
held in high respect and affection by those who knew him well. 

Tlie Secretary presented tlie following resume of the life of Mr. Edgar 
E. Teller, which had been kindly furnished by Mrs. Teller. 

MEMORIAL OF EDQAR E. TELLER 

Edgar Eugene Teller was born In Buffalo, New York, August 3, 1S45, the 
son of George D. and Susan Brown Teller. He received his education in 
Buffalo's public and private schools, attending the Central High School, and 
from there going to Lewlston Academy, at Lewlston, New York, where he 
received an appointment to Annapolis from the Hon. John Ganson, M. C. ; but 
before he was to enter on his studies he met with an accident, breaking his 
wrist, thereby Incapacitating him for naval service. 

The Civil War came on about tills time, and the young man desired to enlist, 
but was refused, due to his youth. Finally he was allowed to go and the boy 
served through two years under Capt. Theo. D. Barnum, Infantry, B Company, 
74th Regiment. At the call for troops at the first of Gettysburg raid they went 
to the front, and after serving on the field for some time the regiment was 
sent up the Hudson River, stopping at all places on the way to Sing Sing, 
returning to New York City, i)erformlng Important duty at these several points 
In quelling draft riots; then back to Buffalo, where they were mustered out 

He then entered the employ of his father and several years later, In 1869, 
he married Marie E. Deeves, of Buffalo. Leaving the family home In Buffalo, 
Mr. Teller went to Milwaukee, Wisconsin, and entered the employ of Plank- 
inton & Armour, pork packers. In 1875, and shortly afterward was appointed 
buyer for the firm at the Milwaukee livestock yards. He continued in this 
capacity successively with I*tanklnton & Armour, John Planklnton & Com- 
pany, Cudahy Brothers, and Cudahy Brothers Company, until he retired In 
1915, after an unbroken connection with the latter-named company and its 
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predecessors for forty years. After the death of his only son in that same 
year, he returned to Buffalo to make his home. 

It was during his early days in Milwaukee that he first became interested 
in geology. In going from his home to business he had occasion to 'walk 
through a quarry — a short cut, where he would stop and watch the men at 
work — and as time went on made the acquaintance of Doctor Day, of Wau- 
watosa; Doctor Hoye, of Racine; Mr. Thomas A. Greene, and Mr. Chas. B. 
Monroe, of Milwaukee, all prominent collectors. 

Aside from his business association, Mr. Teller took a deep interest in local 
paleontology, in which field of science he was an authority. He was also 
interested in other departments of natural history, and particularly In arche- 
ology. Elected as a member of the Wisconsin Natural History Society March 
3, 1885, he became very active in the archeological section of it. 

Mr. Teller was made recording secretary of the Wisconsin Historical So- 
ciety December 19, 1887, and was elected president of the Society in 1889, and 
re-elected to the presidency at various intervals almost up to the time of 
leaving Milwaukee. 

By the year 1899 the Archeological Section of the Natural History Society 
had a very active membership, and largely through the efforts of Mr. Teller 
and coworkers the membership increased to such strength that in the year 
1901 it separated from the parent Society and was incorporated as "The Wis- 
consin Archeological Society." 

It is at present a strong and active Society, and in the twenty-three years 
of its existence has acc^omplished much in the way of exploration, recording, 
and preserving of Wisconsin Indian antiquities. Mr. Teller was one of the 
active and enthusiastic members and accompanied all of its early field ex- 
plorations and researches, especially in Milwaukee and Waukesha counties 
of Wisconsin. 

Mr. Teller invariably attended and presided over all of the Wisconsin 
Archeological Society meetings, and with other members helped to lay the 
firm foundations upon which the long and successful labors for the public and 
anthropological science has been based. 

A group of Indian effigy and burial mounds, designated as the "Teller 
Group," wero located near the Milwaukee cement mills, at the northern limits 
of the city, and were named at that time in honor of Mr. Teller's work in 
their discovery. A part of this group is still in existence. The group is fully 
described and illustrated in the Bulletin of the Wisconsin Natural History 
Society for the years 1900-1902. 

Some of the most notable works contributed to the Society by Mr. Teller 
are described in papers and records listed hereunder. 

March 14, 1887. Paper road by Edgar E. Teller, "Geology and paleontology 
of eastern Wisconsin." Wisconsin Natural History Society Bulletin. 

April-May, 1899. **The fauna of Devonian formation at Milwaukee, Wis- 
consin." Printed in the Journal of Geologj', volume 7, number 3. **The Teller 
group of mounds in Milwaukee County." Introduced to the Society by Edgar 
E. Teller in May, 1899. Described in Bulletin of the Wisconsin Natural His- 
tory Society, volumes 1 and 2, 1900^1902. 

"Notes of the fossil fish-spine Phlyctwnacanihus Telleri." Published in the 
Wisconsin Natural History Society Bulletin, volumes 3 and 4, 1903-1906. 
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"An operculated gastropod from the Niagara formation of Wisconsin/* 
Transactions of the Wisconsin Academy of Sciences, Arts, and Letters, volume 
16, part 11, 19091910. 

**A synopsis of the type specimens of fossils from the Paleozoic formations 
of Wisconsin." Bulletin of the Wisconsin Natural History Society, volumes 
9, 10, 1911. 1912. 

On Mr. Teller's return to Buffalo, in 1915, he was elected vice-president of 
the Buffalo Society of Natural Sciences. 

His death, on July 19, 1923, interrupted his work of reclassifying his large 
collec'tlon, but the contributions from his pen, published in periodicals dealing 
with geological fleUl-work, will remain as a record of his service in this sphere. 

During his life Mr. Teller gave the University of Chicago over one hundred 
thousand specimens as a working collection for the students. He also gave 
to the Public Museum, In Milwaukee, and to the American Museum of Natural 
History, In New York, large numbers of specimens; to the latter several type 
specimens, among them a new species and a new genus of Phyllocarlda {Ento- 
mitcat-is Tellen). Ten thousand selected specimens were presented to the 
Buffalo Society of Natural Science. 

Dr. Resser then gave the following brief account of General Vogdes' 
life: 

MEMORIAL OF AXTHOXY W. VOODE8 

General Anthony Wayne Vogdes was born at West Point, New York, In 
1843, being descended from General Anthony Wayne on his mother's side. 
His father and grandfather were generals In the United States Army. He 
entered the Civil War as a drummer, but was soon commissioned a second 
lieutenant. After the Civil War he decided to remain In the army, and as a 
second lieutenant he was detailed to guard the Union Pacific Railroad during 
building. It was while on this service that he began both his library and 
collection of fossils. 

General Vogdes rose to the rank of brigadier-general before retirement, 
when he moved to San Diego, California, where he was formerly stationed. 
His means were never large, so that the splendid library accumulated by him 
represents much personal sacrifice. This library, now the property of the 
San Diego Society of Natural History, of which General Vogdes was president 
for fifteen years. Includes about 40,000 titles. Many of the books are beauti- 
fully bound by General Vogdes himself, who was very proficient in this work. 
The fossil collections, also left to the same Society, contains a very large and 
fine assemblage of trilobites. 

(leneral Vogdes published a number of papers on paleontology, but Is best 
known for his bibliographic works on Paleozoic Crustacea. 

The reading of papers was tlien commenced, with President Yaughan 
in the chair. 

PRESENTATION OF PAPERS 

The first paper of the session delivered by the author brought forth a 
discussion from several members. 
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SUBDIVISIONS OF THE CAMBRIAN 
BT C. E. RE8SEB 

i Abstract) 

A threefold subdivision of the Cambrian strata is usually made, following 
a long-standing custom. These subdivisions are designated as Lower Cam- 
brian characterized by trilobites of the family Mesonacldse, Middle Cambrian 
containing Paradoxides, and Upper Cambrian with IHkelocephalus, This sub- 
division was made in Sweden for the rather specialized conditions obtaining 
there, but is applicable beyond the faunal province to which Sweden belongs. 

The existence and character of what may be called the Atlantic Province 
is usually not appreciated. For practically all of Cambrian time and during 
long intervals in later periods the animals living in this province were all 
confined to it. The boundary or barrier line, traced approximately, runs north 
through central Massachusetts, through New BrunswiclE and central New- 
foundland, thence across the Atlantic, possibly, with an embayment reaching 
Greenland, definitely crossing England in southern Scotland, then across 
Scandinavia somewhere north of I^ke Mjosen. The Cambrian faunas of 
Esthonia, Bohemia, Sardinia, France, Spain, Morocco, and Portugal belong in 
this province. Only one undoubted transgression of this barrier is now known, 
with a second indicated. Therefore no exact correlation is possible between 
the Cambrian strata within and without this province. 

The tj'pe section for the Lower Cambrian, as it is now used, is in Nevada. 
There is a general agreement of the faunas present with the more northerly 
and eastern beds assigned to the same period. No genera cross the barrier 
into the Atlantic Province, so that except for the members of the same fam- 
ilies there is no agreement. Another problem as yet unsolved is the signifi- 
cance of the phyllopods. Recently an interesting group of phyllopods similar 
to those formerly found only in the Middle Cambrian has been obtained in 
British Columbia. Opinions differ regarding the phyllopod faunas in New 
York and in the Atlantic Province in New Brunswick and Portugal as to 
whether they belong in the Middle or Lower Cambrian. The question of this 
boundary is therefore an open one just now. 

The type section for the Middle Cambrian is the beds in the Atlantic Prov- 
ince which contain Paradoxidea. As this genus is completely absent outside 
of this province no limits can be set to this portion of the Cambrian. 

The type section for the Upper Cambrian is that of Wisconsin. This has 
proven quite satisfactory for North America. In this portion of the Cambrian 
there is one connection between the American and Atlantic Province faunas. 
In the lower part of the Conasauga formation of Alabama true Olenus and 
Agnostu% reticulatus occur as.sociated with certain typical American forms. 
This is the first definite transgression of the barrier that makes the Atlantic 
Province so exclusive. We can then assume that most of the Olenus series 
and the Upper Cambrian of the American type section are equivalent in age. 
Definite limits can not, however, yet be drawn. 

Recently obtained data indicate that some of the upper beds formerly in- 
cluded in the Cambrian must be regarded as Ozarkian. Sufilcient study has 
not yet been given to this matter to fix this boundary definitely at all points. 
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The threefold subdivisions of the Cambrian, while not satisfying all condi- 
tions nor allowing the drawing of sharp boundaries, must be retained for the 
present, recognizing, however, the particular unsolved problems. 

A paper on Ordovitian stratigraphy was then presented by the junior 
author, who illustrattHJ it with lantern slides. 

OCCURRESCf: OF THE COLUXGWOOD FORMATION IN MICHIGAN 
BT R. BUEDElfANN AND- 6. M. EHLERS 

(AUtraet) 

The CoUingwood formation is typically' exposed at Ottawa and in south- 
eastern Ontario. The most western exposures of the formation, which so far 
have been noted, occur in the vicinity of Little Current, on Manitoulln Island, 
Ontario. 

The occurrence of CoUingwood strata farther westward in the Northern 
Peninsula of Michigan is indicated by the presence of Ogyffites latimarginatus 
(Hall) syn. Ogygites canadensis (Chapman) and other characteristic Col- 
liugwood fossils, collected from blocks of shale and limestone in the drift 
near the southern limits of Newberry, Luce County, Michigan. 

The CoUingwood age of the blocks of shale and limestone, found in the 
drift near Newberry, is suggested by their lithological character as well as 
their faunal content This is particularly true in the case of the blocks of 
shale. In Ontario the CoUingwood consists Of alternate beds of shale and 
limestone. It seems very possible that this lithological character of the Col- 
lingwood may hold westward as far as the region a short distance north of 
the southern limits of Newberrj-, where, unfortunately, the formation is cov- 
ered by drift. 

The CoUingwood seems to represent a differential development of a part of 
the upper Utica of New York, which may indicate either a provincial separa- 
tion from the Utica sea farther south or, more probably, a separate invasion 
from another (northeastern) direction. According to the evidence presented 
in this paijer, this invasion extende<l farther west — ^at least to the Newberry, 
Michigan region — than has been hitherto believed. 

Interesting occurrences of Pleistocene mammals in Mexico were de- 
scribed in the following paper, presented by the author and illustrated 
by lantern slides: 

SOME PLEIffTOCEWE MA^fMAL8 AND THEIR OCCURRENCE IN MEXICO 
BY E. L. FURLOXG 

A stratigraphic paper, illustrated by lantern slides, was next on the 
program. 

GEOLOGICAL FEATURES OF THE EASTERN HIGHLAND RIM OF TENNESSBB 

BY R. S. BASSLER 

{Abstract) 
The Highland Rim surrounding the Central Basin of Tennessee offers many 
splendid sections for the study of the formations and of their distribution. 
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Recent investigation of the Eastern Highland Rim showed marked strati- 
graphic differences from the rim west of the Central Basin. For example, on 
the east the geological section comprises onb' the Hermitage and Cannon 
formations of the Ordovician and the Chattanooga, Fort Payne, and Warsaw 
divisions of the Mississippian, while in marked contrast on the western rim 
the same geologic interval develops the Hermitage, Bigby, Cannon, Catheys, 
and Leipers formations of Ordovician age, the Waynesville, Fernvale, and 
Osgood divisions of the Silurian, and the Chattanooga, Ridgetop, New Provi- 
dence, Fort Payne, and Warsaw divisions of the Mississippian. 

Topographically the Eastern Rim is quite distinct, for it usually forms a 
sharp escarpment, with many narrow ravines cutting back into the rim and 
having their origin in sink-hole structures. 

A description of a huge pelecypod, probably an Inoceramus from the 
Cretaceous of the Mackenzie Valley, Canada, was given in the next paper. 

AN ENORMOUS CRETACEOUS PELECYPOD 
BY G. 8. HUME 

A most interesting and curious new dinosaur was then described, with 
lantern-slide illustrations. 

NEW PLATED DINOSAUR FROM THE RED DEER RIVER 
BY W. A. PARKS 

Dr. W. D. Matthew, at the request of President Vaughan, then gave 
an interesting extemporaneous account of the work of the American 
Museum of Natural History Expedition in Mongolia. 

EXPLORATION FOR FOSSIL REMAINS IN MONGOLIA 
BY W. D. MATTHEW 

(Abstract) 

The Third Asiatic Expedition of the American Museum of Natural History, 
American Asiatic Association, and Asia' Magazine has put in two winters of 
pflleontological work in China and two summers in Mongolia. The geologic 
and physiographic results in Mongolia are reported upon by Berkey and 
Morris before the Geological Society. The paleontologic work in charge of 
Walter Granger was extraordinarily successful. A very large collection of 
Upper Pliocene mammals was obtained from fissure deposits near Wanhsine, 
on the upper Yang-tse-kiang, including skulls of 8tegod<m, Hhvnoceros, a 
gigantic tapir, gaur, tiger, sand-badger, bamboo-rat (uiunerous), langhur 
monkey, several kinds of antelope, etcetera. No human or pre-human remains 
were found associated with this fauna, although they were to be expected. 
Two summers' field-work in tlie desert of Gobi showed that region to be rich 
in fossils, including a number of faunas of Cretaceous and Tertiary age not 
yet fully correlated. Two complete skeletons •and several more fragmentary 
specimens of a small primitive iguanodoutoid dinosaur were secured in 1922, 
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and in 1923 a great series of 72 slsulls and 12 skeletons of a small eeratopsian 
dinosaur, together with 25 eggs, probably of this species, were obtained at 
one locality, and at another a great collection of bones and partial skeletons 
of various kinds of dinosaurs. All these are probably early to middle Creta- 
ceous, but not yet certainly correlated. A skull of the gigantic rhinoceros 
Baluchithenum was found in 1922, associated with a fauna of some thirty 
species of smaller mammals, mostly rodents, carnivora, and insectivora of 
Lower Oligocene age, in part new, the rest related to the Phosphorites fauna 
of France and the White River fauna of this country. An older horizon ex- 
plored chiefly in 1923 yielded skulls of Protitanotherium, a gigantic masony- 
chid creodont, two or more lophiodonts, and other interesting types. Frag- 
mentary remains representing older Eocene faunas were also discovered, as 
well as other faunas of later Tertiary age. 

These results show that In Central Asia is a region as rich in fossils as 
the western United States, although not so accessible. A large part of its 
fauna is wholly new and the affinities of other parts provide the needed clues 
to the problems of origin and dispersal of many races of animals. It will 
undoubtedly repay many years* exploration. The chief difficulty is the heavy 
cost of operations in that region, so remote from railroads and roads. Profit- 
able collecting is possible only In a large way, with wide-cast preliminary 
reconnaissance, followed by intensive collecting in promising areas, and re- 
quires an elaborate, well planned, and expensive organization. 

In the absence of the authors, the following papers were read by title : 

OZARKJAXCANA DTAN UNCONFORMITY 
BY E. O. ULRICH 

NEW PEA BODY MUSEUM AT YALE UNIVERSITY 
BY R. 8. LULL 

BEEKMANTOWN ORAPTOLITE8 FROM UTAH 
BY T. H. CLARK- 

NEW OZARK I AN FORMATION IN MISSOURI 
BY E. O. ULRICH 

OLIQOCENE HICKORY NUTS 
BY £. L. TBOXELL 

COMPARISON OF THE BRIDGE CREEK FLORA WITH THE LIVING REDWOOD 

FOREST 

BY B. W. CHANEY 

FEATURING THE OEOLOOY OF PARKS 
BY £. L. TBOXELL 
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FORT CA88IN FAUNA 
BY E. J. F0YLE8 

At 12.30 p. m. the Society adjourned. 

Friday afternoon was spent in joint session with the Geological So- 
ciety of America, when the following program of stratigraphic papers 
was presented, some of them by title only : 

OEOLOOIC SECTION ACROSS THE COAST RANGES OF CALIFORNIA 
BY GEORGE D. LOUDERBACK 

FRANKLIN MOUNTAINS 
BY MERTON YARWOOD WILLIAMS 

STRATIGRAPHY OF THE CRETACEOUS-EOCENE TRANSITION BEDS IN 
EASTERN MONTANA AND THE DAKOTAS 

BY W. T. TIIOM, JR., AND C. E. DOBBIN 

CHAGRIN FORMATION OF OHIO 
BY GEORGE HA1X:0TT CHADWICK 

EROSION BY SOLUTION AND FILL 
BY WILLIS T. LEE 

NEW FORMATION IN THE TAMPICO EMBAYMENT REGION 
BY J. A. CUSHMAN AND EARL A. TRAGER 

STRUCTURES IN THE SLATES OF NORTHEASTERN PENNSYLVANIA 
BY CIIARI.ES H. BEHRE, JR. 

GEOLOGY OF LEVIS, QUEBEC 
BY THOMAS U. CLARK 

PROPOSED STRATIGRAPHIC SECTION AND CODE 
BY GEORGE H. ASHLEY 

SUGGESTIONS FOR THE IMPROVEMENT OF OUR GEOLOGIC TERMINOLOGY 
BY ELIOT BLACKWELDER 

UPPER ORDOVICIAN AT TORONTO, ONTARIO 
BY W. A. PARKS 
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EARLIER SILURIAN FORMATIONS OP PENNSYLVANIA 
BY CHABL£8 K. 8WABTZ 

KANSAS PERMIAV UNCONFORMITY 
BY GEOBGE HALCOTT CHAD WICK 

ORISKANT LIMESTONE IN ILLINOIS 
BY T. B. SAVAGE 

Friday evening at 6.30 the members attended the annual dinner of 
the Geological Society of America and affiliated societies, when a pro- 
gram prepared by the Pick and Hammer Club, of Washington, furnished 
a considerable part of the entertainment. 



Session of Saturday, December 29 

As the reading of papers had been completed on Friday, no regular 
session was held on this day. Interested members attended the meetings 
of the Geological Society of America and the Mineralogical Society; 
others visited the laboratories and exhibits of the United States National 
Museum, while still others studied the geology of the Piedmont Plateau 
and Atlantic Coast Plain, in the vicinity of Washington, under tlie 
guidance of a local member. 
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Minutes of the Meeting of the Pacific Branch of the 
paleontological society 

The meeting of the Pacific Branch of the Paleontological Society was 
called to order by Vice-President A. 0. Woodford at 9 a. m., September 
18, 1923, at the Los Angeles Museum of History, Science, and Art, 
Exposition Park. The following papers were then read: 

PRESENTATION OF PAPERS 

FOSSIL CONTENT OF THE SAN RAFAEL LIMESTONE OF THE SAN RAFAEL 
MOUNTAINS, SANTA BARBARA COUNTY, CALIFORNIA 

BY M. C. ISRAELSKY 

MARINE EOCENE HORIZONS OF WESTERN NORTH AMERICA 
BY B. L. CLABK 

STUDY OF THE FAUNAL AND STRATIQRAPHIC RELATIONS OF THE MIDDLE 

AND LOWER MIOCENE OF THE SANTA ANA MOUNTAINS, 

SOUTHERN CALIFORNIA 

BY C. D. MESERVE 

CRETACEOUS DEPOSITS OF THE NORTHERN ANDES 
BY F. M. ANDERSON 

FOSSIL DIATOMS OF CALIFORNIA FROM A HISTORICAL STANDPOINT 
BY C. DALLAS UANNA 

The meeting then adjourned for luncheon. 

At 2.15 p. m. the meeting was again called to order by Vice-President 
A. 0. Woodford and the following papers were read: 

PROTESTING THE SPECIES-MAKER: THE POINT OF VIEW OF THE PRACTICAL 

PALEONTOLOGIST 

BY A. J. TIEJE 

WESTERN EXTENT OF THE PAINTED DESERT FORMATION AND ITS FAUNA 

BY C. L. CAMP 
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CLASSIFICATION AND RELATIONSHIP OF THE EDENTATES OF RANCHO LA 

BREA 

BY CHE8TEB STOCK 

PROGRAM FOR FURTHER STUDY OF SUCCESSION OF FAUNAS AND FLORAS 
IN THE JOHN DAY REGION OF EASTERN OREGON 

BY JOHN C. MERRIAM 
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